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Williams Round Buccal Tubes — for .036” or .040” 
diam. wire. 


2 Williams No. 2 Arch Wire — for labial or lingual 
"arches. Round (.036" to .040” diam.) or rectangular 
(.022” x .628”).* 


3 Williams No. 1 Ortho Wire — for intermaxillary 


hooks, adjustable spring stops, etc. (.020%, .022”, 
036” or .040” diam. wire).* 


4 Williams. Anterior Bands — anatomically contoured 
— 18 graduated sizes, .004” x .160” wide. 


5 Williams Open Bracket Tubes — for .032”, .036”, or 
040” diam. wire. 
6 Williams Stainless Steel Ligature Wire — .012” diam. 


J Williams Lok-Tite Wire — high bend test rating — 
028” and .030” gages. 


8 Williams Mershon Tubes and Posts — extra bear- 
ing surface for greater stability to lingual arch. 
: (Also round and half-round tubes.*) 
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9 Williams Seamless Molar Bands — plain or con- 
toured — 24 graduated sizes, .007” thick x .180” 
wide. 


10 Williams Adjustaloop Contoured Bands — precise 


anatomical conformity — .036” to .485” diams. 


11] Williams No. 1 Ortho Spring Wire — for stabilizers, 


auxiliary springs, ete. — .020” or .022” diam.* 


12 Williams Arch Repair Tubes — slotted for quick, 


simple mending. In 4 sizes. 


13 Williams Band Material — gages .009” to .003”, 


widths .12” to .25”.* 


X Williams Ortho Wire Solder — gages .020” and 


.012” known for its ease of flow, strength, and 
absence of pitting. 
*Items indicated also available in stainless steel. 
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THE USE OF TISSUE-BEARING ANCHORAGE ALONE AND IN 
CONJUNCTION WITH VARIOUS TECHNIQUES IN TREATMENT 


Water R. Bepe.i, D.D.S., F.A.C.D., PouGHKEEPsiIE, N. Y. 


OR years I have advised early consultation and explained the advantage of 
observation over a period of time to determine the trend of a developing 
malocclusion. For at least the first decade of my practice twenty to thirty 
years ago, the mistaken objective was honestly expressed as the opportunity to 
step in and allay a worsening condition. If natural improvement were noted, 
however, I would stand by to let Nature overcome her initial bungling. For 
the last twenty years, my motive has been exactly the reverse. Unless the ac- 
tive causative factor or factors can be determined and eliminated, attempts to 
combat and control abnormal growth and development are futile. It is far 
better, for the patient, the orthodontist, and the reputation of the specialty of 
orthodonties, to let the case develop to its inherent extreme before attempting 
to alleviate an unfortunate condition with the best compromise possible. On 
the other hand, should the condition appear to be improving or at least stag- 
nating, because of a change in known or unknown etiological faetors, prognosis 
at once becomes excellent, or at least possible, and orthodontic interference is 
indicated to hasten recovery. As is so often the case, idealism is best served by 
practicality and treatment planning becomes secondary to prognosis. 

The mechanies of so-called bread-and-butter orthodonties consists pri- 
marily of one appliance which moves teeth as little as possible and one which 
moves teeth within physiologic limits, both being subject to the same forces. 
These two attributes alse may«be eombined.in the same appliance. One of 
the most essential requirements in diagnosis and treatment planning of an 
orthodontic case is control of the passion to.adapt a specific appliance to the 
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ease rather than the selection of the appliance that will best treat the par- 
ticular individual under consideration. The former approach is almost purely 
mechanical, whereas the latter choice must include a knowledge of anatomy, 
physiology, engineering, art, and psychology, among others. This is really 
the difference between a craft and a profession. 

In a paper entitled ‘‘Fundamentals of Anchorage, Foree and Movement,’’ 
A. C. Rohde’ states, ‘‘In the past we have limited our concept of anchorage too 
much to teeth alone.’’ This was my feeling nearly ten years ago when I first 
began searching for something better than dental anchorage and without the 
part-time limitation of extra-oral anchorage. There evolved an appliance that 
combines the use of both hard and soft tissues for anchorage purposes. 

This appliance, consisting of three pieces of stainless steel wire and some 
plastic, was fully deseribed in a case report before this Society and published 
in the July, 1952, issue of the JouRNAL.? I was frankly amazed and properly 
impressed with the circulation of our JouRNAL when I received several letters 
from Europe and even South Africa requesting further information about this 
appliance. Our JoURNAL really gets around, and I wonder if we thoroughly 
appreciate the time and effort spent on it. 

Needless to say, the removable feature of this appliance appeals particularly 
to adults. As used here on the principle of self-contained anchorage, it is noth- 
ing more than the old Jackson or the modern Crozat appliance, with the added 
stability of less easily displaced attachments to the first permanent molars. 
How unfortunate to tell young and not-so-young men and women they have the 
alternative of tolerating such easily corrected disfigurements or having their 
teeth covered with a lot of unsightly bands. 

This first case, as illustrated in Fig. 1, is a bimaxillary protrusion neutro- 
clusion with open-bite caused by a tongue habit. The upper anterior teeth 
were retracted with no extractions, the bite was closed, and the tongue habit 
broken by merely taking up the buccal loops and using the palate as anchorage. 
The only bands this girl ever wore were two upper molar bands and only the 
one removable appliance with tissue-bearing self-contained anchorage. 

The next ease, illustrated in Fig. 2, is the same type with a closed bite. 
Whenever a malocclusion is suspected to be due to cuspal interference, I find 
the most simple solution to be the insertion of a flat bite plane which barely 
relieves the occlusal contact. The bite plane must be accurately constructed 
so that there is equal contact of the lower anterior teeth on the flat bite plane. 
This permits a live tissue examination of the mandible in nearly rest position 
from all angles after it has been freed for a period of time, rather than an 
x-ray picture taken from only one angle after merely momentary release of 
the mandible from its restraint. Notice how nicely the bite has opened. Here 
again the complete treatment consisted of the one appliance, using self-contained 
anchorage. 

We now come to the same type of appliance attached to the lower arch 
for use in the treatment of a so-called Class II, Division 1 ease with closed 
bite, as illustrated in Fig. 3. The upper appliance combines the plain labial 
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technique with Johnson construction. It consists merely of an .022 round stain- 
less steel wire drawn into end tubes. This arch wire was contoured to the ap- 
proximate size of the arch so as not to kick the molars bucally. You will note 
that the distance to the lower buccal tubes was so great that I placed upper 
hooks well back by the first premolars. The end tubes extend distally out of 
the buccal tubes and were bent lingually to prevent their coming forward out 
of the tubes. This is the old expansion arch principle which had the advantage 
of no tongue restriction, laterally or anteriorly, and, in turn, did not permit 
the tongue to interfere with posterior movement of the molars by pressure 
against the anterior part of a lingual arch. 


Fig. 2. 


The bite is so successfully opened by tip-back bends in front of the Ellis 
loops on the lower anchorage which tends to extrude the molars and depress 
the anterior alveolus. This results in a similar curve of Spee, but with the 
high point in the molar region instead of the incisors. 


Another Class II, Division 1 case with an extreme closed bite partly due 
to a reverse upper curve of Spee is illustrated in Fig. 4. An upper twin wire 
appliance and lingual arch with lower tissue-bearing anchorage and intermax- 
illaries to retract the upper anterior teeth, were used. The twin wire was 
followed by a flat wire after alignment. The upper right second deciduous 
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molar had just been lost and the second premolar was about to erupt. An 
upper .009 twin was then placed to intrude the upper anterior teeth in econ- 
junction with tip-back bends in front of the Ellis loops in the lower appliance. 

The twin then was cut off distal to the canines, and an .022 with coils was 
installed in its place to complete the distal movement of the molars. The pur- 
pose of this procedure is to prevent any possibility of forward movement of the 
upper anterior teeth by the coil springs if the intermaxillary elastics are not 
worn. Later an upper removable bite plate was also placed to maintain the 
opening of the bite. 


Fig. 5. 


Fig. 5 illustrates what you would probably call a pseudo-Class III]. There 
must be an hereditary factor, however, as there were three children in the 
family and all had this type of bite. An upper tissue-bearing anchorage was 
used, with a simple flat wire drawn into end tubes on the lower with Class III 
intermaxillaries. The lower arch wire was later changed to an .022 round, 
as it is more stable. This correction took place in two months. To me, the best 
part of a result of this kind is that there is no possibility or indication of the 
upper anterior teeth having been moved off the ridge. 

Fig. 6 illustrates a so-called Class II, Division 1 bimaxillary protrusion 
ease with only a mildly convex profile. Because of the size of the nose and the 
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facial characteristies, I did not feel that the removal of four premolars and 
extensive retraction of the anterior teeth was warranted. The case was simply 


Fig. 6. 


treated, therefore, without extractions. A lower tissue-bearing anchorage was 
used with side loops to obtain slightly greater length in the lower arch to obtain 
space for the lower left second premolar and to open the bite. This picture 
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was taken after treatment showing the loop in the picture of the left side 
partially opened. The construction of this appliance also included a free-ended 
arm for moving the lingually displaced premolar into the bite. This picture 
of the lower appliance was also taken after treatment. The picture on the 
right, however, shows the appliance as originally placed in the mouth. 

The correction of this malocclusion was accomplished with the appliance 
described in conjunction with the plain labial technique and Class II inter- 
maxillary elastics. Here again the upper appliance is constructed simply of a 
contoured .022 stainless steel wire drawn into Johnson end tubes. After re- 
traction of the upper anterior teeth, coil springs are added for greater distal 
movement of the molars. The lingually displaced second premolar on the upper 
right side has been ligated to the end tube. The same was done later on the 
left side, but only after the lower premolar on that side had been brought into 
the bite. Three years after treatment the bite held well except for a slight 
crowding out of the lower right canine. No attempt was made to rotate the 
lower second premolars. The doubtful retention of these rotations makes the 
time and expense to the patient impractical, especially in the cases of low 
bracket income, even though, as here, these rotations are undoubtedly part of 
the cause of the slight crowding of the canine and left lateral incisor. The 
four bottom pictures illustrate the condition before and three years after treat- 
ment of both sides, the left side with the lower second premolar now in place. 

This type of appliance is especially advantageous in the treatment of mixed 
dentition cases with closed bites and varying degrees of protrusion of the upper 
anterior teeth which stagnate at a certain degree of malocclusion. Fig. 7 
illustrates a ease of this kind. 

Very slight but regular disking of the chipped incisal edge of the left 
central incisor had nearly eliminated this disfigurement by the completion of 
treatment. Properly handled, there is little danger of causing forward dis- 
placement of the lower dental arch and thereby complicating secondary treat- 
ment at a later date. In fact, in a surprising number of cases, secondary treat- 
ment becomes unnecessary. The upper right end tube was contoured tempo- 
rarily around the erupting first premolar. Lingual arms were used for slight 
expansion of the buccal segments by the .022 stainless steel arch. 

May I comment here that the terms mesial and distal are frequently mis- 
used when anterior or posterior is really meant. The former imply a posi- 
tion on a curve in relation to a point on an are and should never be used in 
describing arch relationship. Treatment at this time is indeed better than 
telling a self-conscious child that, although she has a severe malocclusion which 
is constantly causing a worse deformity of the soft tissues, nothing can be done 
about it for a few years. Too frequently, this advice is followed by eventual 
extraction of the maxillary first or second premolars, thereby completing the 
destruction of the curve of Spee instead of developing it. Note the bite open- 
ing and the reduction of the noticeability of the chip out of the left central 
incisor. 

Fig. 8 illustrates a neutroclusion case in the mesognathic face of a young 
adult. Treatment consisted merely of an upper tissue-bearing appliance with 
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a flat bite plane and take-up loops over the first premolars. Class III inter- 
maxillary elastics were attached to hooks on the lower end tubes into which a 
flat wire had been drawn and locked to the six lower anterior teeth. This case 
was treated in 1944. Note the antiquated cheek retractors. Extractions in a case 


Fig. 7. 


of this kind would have been disastrous, producing a bimaxillary retrusion and 
a retrognathie or so-called dish face, due to the prominent nose and extreme 
mental protuberance. The four pictures at the bottom illustrate the case sev- 
eral years after treatment and present a stable anterior and posterior occlusion. 
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The last case, Figs. 9A and 9B, shows a typical so-called Class II, Division 1 


malocelusion with an extremely closed bite. Note, however, the fairly well-de- 
veloped basal arches. The molar occlusion on the right side is correct only 


Fig. 8. 


because the upper deciduous second molar has been retained while its antagonist 
was prematurely lost. The lower first permanent molar was permitted to drift 


forward and prevent the eruption of the lower second premolar. 

With both deciduous second molars retained on the left side, the first 
permanent molars are in what is known as complete distoclusion. Analysis 
of this case, according to Carey, Downs, and Howes,* in each instance indicated 
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a borderline extraction case. I decided to attempt treatment without extrac- 
tions. A lower tissue-bearing appliance was placed with a loop to open space 
for the unerupted lower right second premolar. Class II intermaxillary elas- 
ties were attached to hooks on a contoured stainless steel .022 arch wire drawn 
into end tubes. After the upper anterior teeth had been retracted as far as 
was practicable to help stabilize the mandibular anchorage and to permit the 
anterior soft tissue readaptation to begin, the end tubes were slid forward 


Fig. 9A. 


approximately 1 mm. on each side and stopped. Because of the convergence 
of the arch wire anteriorly, this results in its standing slightly more than 1 mm. 
away from the upper anterior teeth and permits the distal movement of the 
molar teeth. 
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Howes‘ states, in effect, that the researchers may be correct that posterior 
teeth cannot be moved distally in relation to some point in the skull, as de- 
termined by cephalometrics. He goes on to say, however, that the clinicians 
also may be correct in that these same teeth can be moved distally in relation 
to the immediate supporting bone. 

That this may not always be entirely a tipping action is disclosed in this 
occlusal x-ray film of a similar case. Moreover, I seriously doubt that these 
teeth were merely stationary in relation to some point in the skull, while the 
other teeth grew forward away from them. That, indeed, would be a lot of 
forward growth in a couple of months. 


OB. 


The end tubes may be ligated to at least the first premolars for stability 
and slight extrusion to establish a better curve of Spee. The .022 stainless steel 
wire is so hard and so tightly drawn into the end tubes that it is difficult to 
pinch both the end tube and the buccal tube enough to prevent the end tube 
from sliding in the buceal tube. I find the best way to successfully stop any 
distal movement of the end tube is to make a vertical pinch on the end tube 
directly in front of the buccal tube and a horizontal pinch on the anterior end 
of the buccal tube. Friction stop tubes also may be used. 
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Fig. 9B illustrates the improved upper and lower arch form after treat- 
ment. The lower right second premolar is now in place. The posterior oceclu- 
sion is slightly overtreated. The anterior occlusion has been corrected in both 
horizontal and vertical dimensions. The face is assuming pleasing proportions, 
and I feel the decision not to extract was correct, as here again, I believe, it 
would have tended to produce nasal prominence. 

Where there is dentofacial disharmony, which continued growth and de- 
velopment will tend to aggravate, it is better to hesitate to treat. Relapse is 
probable. We can no more stop this type of growth than start it. It is better 
to wait until such time as the developing malocclusion stagnates and the patient, 
not just the parents, desires that something be done about it. By that time the 
condition has probably become as bad as it will get and, most important, you 
are now assured also of complete cooperation. Believe me, older patients are 
the most appreciative and satisfactory and by far the best boosters of ortho- 
donties. This is especially true if the treatment can be accomplished with as 
little apparent evidence as possible, preferably with removable appliances. 

No eases are dismissed until eruption of the twelfth year molars, which 
more often erupt at 13, especially if there has been any distal movement of the 
sixth-year molars. 

At the time of dismissal a letter is sent to the parents inviting them to 
accompany the child for the final appointment. At that time a comparison 
of the before-and-after x-ray films and photographs is explained and the parent 
is presented with a printed list of instructions for a trial-and-error procedure 
of tapering off the wearing of the retaining appliances. This tapering off even- 
tually gets down to one night per week, which is continued until such time as 
the third molars begin to erupt. At that time they are instructed to call for 
an appointment. The patient is kept under observation during this period of 
eruption and is told to go back to wearing the retainers every night again dur- 
ing this period. After the eruption of the third molars the retainers are dis- 
earded. With this procedure there is slight chance of relapse. I believe that 
permitting the third molars to erupt stimulates optimum development in the 
maxillary tuberosity and the mandibular angle, which is not obtained when 
there is premature extraction of these teeth. Once erupted, I am not concerned 
whether they are extracted later or not. 

You probably noticed that I did not show any extraction cases. Actual 
statistics, including any and all extractions in my practice for the last five years, 
show an average of 26 per cent, or approximately one case in four. The per- 
centage declined from 36 per cent in 1945 to 17.5 per cent last year. This I 
attribute to the great contributions of our researchers in addition to better 
appliances and increased technical skill. Extractions are unquestionably neces- 
sary in the treatment of certain cases, however, and this appliance is also in- 
valuable as an adjunct in the treatment of selected cases of this type. 

Someone with the rich sense of humor of Culbert of Toronto should some 
day present a paper on ‘‘ Excessive Expansion,’’ ‘‘ Relapse Guaranteed,’’ ‘‘ Bite 
Opening with Bite Plates,’’ ‘‘Get Your Pictures Quick,’’ ‘‘ Jumping the Bite,”’’ 
or ‘‘Before and After Without Leaving the Chair.’’ 
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CRITERIA FOR APPRAISING CEPHALOMETRIC NORMS 


WILLIAM BIEpERMAN, B.CHeEm., D.D.S.,* New York, N. Y. 


INCE the classic paper by Downs,’ the use of roentgenographie cephalometry 
for clinical purposes has been receiving increasing attention. This, primarily, 
is because of a belief that there is a definite relationship between esthetics and 
occlusion, and that this relationship can be expressed quantitatively by the use 
of norms such as those proposed by Tweed*? and Downs.’ These norms are a 
statistical summary (ranges, means, and standard deviations) of a number of 
clinically acceptable normal dentitions. The use of these norms for diagnosis 
and prognosis would seem to imply (a) that maloeclusions would present 
deviations from the cephalometric range of normal, and (b) that successful 
therapy would be reflected, if not by a return to the range of cephalometric 
normal, by at least a diminution of such deviations. We certainly would not 
expect the deviations to be increased. Ih other words, a successfuly treated case 
should be closer to normal cephalometrically than it was before therapy was 
instituted, or else it would be difficult to justify the use of cephalometric norms 
for diagnosis or prognosis. In the successful surgical treatment of mandibular 
prognathism or macrognathia, improvement in esthetics and occlusion is so 
marked, and the site of change so definite, and the change itself so extensive 
and so rapid, that here, it was thought, would be a promising method for test- 
ing the validity of these implications and perhaps of formulating criteria for 


such testing. 


MATERIAL 


Pre- and postoperative Downs’ values were obtained from head films of 
five surgically treated macrognathic patients, taken on the Broadbent-Bolton 
cephalometer at New York University. The orthodontic preparation and 
therapy, and the surgery were a joint project of the New York University 
Orthodontics and Oral Surgery Departments and reported by Harrigan and 
Biederman.* All five cases showed considerable improvement in both esthetics 
and occlusion (Fig. 1). 

Case 1 was an osteotomy through the gonial angle. Case 2 was a V-shaped 
ostectomy in the first molar regions by a two-stage Dingman-type operation, to 
close a more than 10-mm. anterior open-bite. Case 3 was an ostectomy in the 
first molar regions. Case 4 was an ostectomy in the first premolar regions. Case 


Read before the American Association of Orthodontists, Dallas, Texas, April 28, 1953. 
*Assistant Professor of Orthodontics, New York University, College of Dentistry. 
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5 was an ostectomy in the first molar regions, preceded by the removal of a 
mandibular incisor and more than a year of orthodontic therapy preparatory 
to the surgery. 


TABLE I 


Sot ri | DOWNS CASE C DOWNS CASE D CASE 1 
OSTEOTOMIES B A B | A B | A 
Facial Angle ~~ 90 86 96 88.5 88 86 
Convexity —22 —-14 —-20 -3 0 8 
AB to Facial 11 7 12 0 3 -6 
Mandibular Plane 31 32 34 43 38 37 
Y Axis 60.5 64.5 56 64.5 64 66 
Occlusal Cant 10 9 13 16 10 8 
1 to 1 149 149 143 139 125 125 
1 to Occlusal Plane 4 3 —4.5 2 17 15 
1 to Mandibular -18 -19 —25 —26 —10.4 —14.4 
Plane 
1 to AP 4 3 1 6 7 9 


OSTECTOMIES A A 
Facial Angle ” 84.5 84 93 87.5 92.5 73 89.5 84 
Convexity 2 2 -17 —4.5 —14.5 —2.5 —7.5 2 
| AB to Facial 0 —] 8 0 —11.5 —2 8 1.5 
Mandibular 40 38.5 27 31 25 44 37.5 40 
Plane 
Y Axis 67 66 58 62.5 58 80.5 65 68 
Occlusal Cant 25 11 9 12 75 23 11 13 
1 tol 119 124 142 142.5 127 126 129.5 127.5 
1 to Occlusal 7 15 —3 —2.5 18.5 21 14.5 15 
Plane 
1 to Mandibular 7.1 12.6 —13.5 —18.4 2 -1 -11 —11.5 
Plane 


1 to AP 


To the data of these five cases were added those published by Downs" of two 
osteotomies from the notch to the posterior border of the ascending ramus. The 
cephalometric findings in terms of Downs’ values of all seven cases are grouped 
as osteotomies and ostectomies and appear in Table I. 


METHODS 


The data in Table I were arranged in two series of graphs. The first 
series consisted of polygons slightly differing from those described by Vorhies 
and Adams® in that the mean +1 standard deviation of each Downs value is 
indicated. Fig. 2 shows such a graph of Case 4. This first series of graphs is 
summarized in Table II by indicating as good, values within the range of M+1 
S.D.; fair, values between +1 S.D. and +2 S.D., -1 S.D. and -2 S.D.; poor, values 
between +2 S.D. and +3 S.D., -2 S.D. and -3 S.D.; and bad, values more than 
+3 S.D. and less than -3 8.D. 

It will be noted that in some cases cephalometric values postoperatively 
were worse than those same values were preoperatively. Furthermore, careful 
examination failed to reveal a consistent pattern. This may reflect, perhaps, the 
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TABLE ITI 


DOWNS CASE C l DOWNS CASE D ‘CASE 1 


OSTEOTOMIES 
Good 
Fair 
Poor 
Bad 


OSTECTOMIES | B 
Good 
Fair 
Poor 
Bad 


nonhomogeneous character of the true Class III, there being at least three types 
, that are clinically distinguishable, for example: Case 2, which was a mesioclu- 


ANGLE OF CONVEXITY DOWNS VALUES 
PRE PosT win, [4 MAX. 


Powws PATIENT C 
- 22. 


Powns PATIENT D 
-22. 


CASE I 
0. 


Zz. 


CAS£ 
-/7. 


CASEY 
~ 


CASEY 
-1.5 


-20 10 


Fig. 3.—Changes in value of the angle of convexity in seven cases of macrognathia treated 
surgically. Note the consistency and reliability of this norm. 


sion with an extreme anterior open-bite; Case 4, which was primarily a maxillary 
insufficiency ; and the others which were marked mandibular overgrowths. But 
even if we eliminate Cases 2 and 4, there is no consistency in the remainder. 
In the second series of graphs, the behavior of each norm in all seven cases 
was plotted on the same sheet, showing the pre- and postoperative values against 
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the minimal, maximal, and mean values of the norm. Each arrow shows the 
change from the pre- to the postoperative value, the latter being the point of 
the arrow. Figs. 3 and 4 are examples. There was a separate graph for each 
norm and the following were the criteria by which each norm was judged. 


Extent. Was there a substantial change from the pre- to the 
postoperative value? We arbitrarily set as ‘‘substantial’’ a linear 
change of 2 mm. or more, or an angular change of 3 degrees or more. 
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Fig. 4.—Changes in value of the mandibular incisor-mandibular plane angle. Note the 


extreme unreliability of this norm. In six of the seven cases the deviation from cephalo- 
metric normal was increased despite the improvement in esthetics and occlusion. 


Consistency. Was the change in the same direction graphically? 
Criticality. Was it critical in the sense that malocclusions lay 
outside the cephalometric range of normal? 


Reliability. Was it reliable in the sense that successful therapy re- 
sulted in the diminution of the deviations from cephalometric normal ? 


Actually criticality and reliability are not independent criteria, since it is 
necessary for the value to be outside the normal range in malocclusion before 
the test of reliability can be applied, but there seemed to be some advantage in 
considering them separately. Where the deviations were diminished, reliability 
was termed good, where the deviations were increased, reliability was termed 
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bad. An ideal norm would yield affirmative answers to all four tests but, 
biologie variation being what it is, we can hardly expect to find perfection. 
The ideal does give us, however, a yardstick with which we may appraise the 
behavior of a particular norm. The results of such appraisal are shown in 
Table III. 


TABLE IIT 
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It will be noted that the angle of convexity (Fig. 3) responded best to 
these criteria. The Frankfort-mandibular plane angle did poorly, while the 
mandibular incisor-mandibular plane angle (Fig. 4), probably the oldest and 
most prominent of the cephalometric norms, proved almost completely un- 
reliable. While roentgenographic cephalometry is an excellent instrument for 
observing dimensional changes, and hence a valuable aid in analytic procedures, 
it is highly questionable whether this justifies the use of cephalometric norms 
as the determining factor in diagnosis and prognosis. Certainly our data point 
in the opposite direction. 

DISCUSSION 


Since maloceclusions are tridimensional departures from the normal, and 
since cephalometric norms are mono- or bidimensional in character, we must 
expect that in any given case some norms may be more satisfactory than others, 
but the same ones may not, necessarily, be more dependable in all cases. In- 
deed, norms other than those in present use might be preferable in some eases. 
For example, Hemley* described the true Class III in terms of a syndrome, as a 
mesioclusion with a relatively long body, short ramus, and more obtuse gonial 
angle. These three characteristics readily lend themselves to cephalometric 
determination (Fig. 5). Surgery in macrognathism changes the ratio of 
corpus length to ramus height, and, particularly in open-bite cases (such as 
Case 2), the gonial angle also is altered. The behavior of this triad, while 
significant in Class III cases, may not be of much value in other classes of 
malocclusion. 

In the orthodontic treatment of nearly all maloceclusions there is a change 
in the relationship of the incisal edges of the upper to the lower incisors, the 
so-called bite and jet. Since bite and jet have always been the concern of the 
orthodontist, it is curious that these values have not received more attention in 
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roentgenographic cephalometry. These relationships may be expressed in terms 
of (a) bite, as the vertical relation upper to lower incisal edges, and (b) jet, as 
the horizontal relation, both expressed in millimeters and using the occlusal 


plane as the plane of reference as described in Fig. 6. While sufficient data 
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Fig. 5.—Ramus height and corpus length are measured in millimeters and the included 
angle in degrees. A line is drawn parallel to S N and tangent to the head of the condyle. 
This point of tangency is marked M. 
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Fig. 6.—Bite and jet. The occlusal plane is indicated as a broken line. Through the 
edge of the upper incisor (J) draw a line parallel to the occlusal plane. From the incisal edge 
of the lower incisor (B) drop a perpendicular, marking the foot of the perpendicular as 
T. If the incisors overlap in any way, the bite is positive. If the bite is open vertically, it 
is negative. Where the lower incisor is posterior to the upper, the jet is positive and where 
the lower incisor is anterior to the upper, the jet is negative. Bite and jet are measured in 
millimeters. 
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have not been obtained as yet for the caleulation of norms, an examination of 
the relatively consistent changes in bite and jet in our five cases seems promising 
as shown in Table IV. 


TABLE IV 


| | casE 2 | casSE 3 | CASE 4 | CASE 5 


Jet Before —4 1 -3 -9 —6 
After 6 1 + + 4 
Change 10 0 7 13 10 

Bite Before —1 —10 -1.5 1.5 1 
After 2 1 4 3 1 
Change 5 


CONCLUSIONS 


The profound and favorable changes as a result of the successful surgical 
treatment of macrognathia are not reflected adequately, consistently, or reliably 
in the changes of value of commonly used cephalometric norms. 

A method is presented for appraising the dependability of cephalometric 
norms in terms of extent, consistency, criticality, and reliability. 

A method is presented for determining the ratio of body length to ramus 
height as well as the included angle, characteristics that are significant in Class 
IIT maloeelusions. 

A method is presented for determining bite and jet cephalometrically, 
using the occlusal plane as the plane of reference. 

It appears, as others have previously found, that a norm concept alone 
cannot be used as a means of diagnosis. It is an aid and not a means. As 
Downs? himself so well put it: ‘‘It is not to be presumed that cephalometries 
will supplant other methods of analysis; rather it should be looked upon as 
an aid in understanding the others.”’ 
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THE GROWTH AND FUNCTION OF THE MUSCLES OF MASTICATION 
IN RELATION TO THE DEVELOPMENT OF THE FACIAL 
SKELETON AND OF THE DENTITION 


J. H. Scorr 


BELFAST, [IRELAND 


INTRODUCTION 


CONSIDERABLE amount of work has been carried out on the develop- 

ment, growth, form, and structure of bone in the study of the development 
and growth of the face,* * ** 88 while certain other tissues, such as cartilage *) 
(except in the ease of the cartilage of the condyle) and muscle, have been, in 
comparison, neglected. 

In this article it is proposed to gather together what is known about the 
growth and development of muscle, the relation between muscle growth and the 
form and structure of bone with special reference to the muscles of mastication, 
the bony skeleton of the face and cranium, and the development of the dentition. 

The Development and Growth of Muscle.—Differentiation of striped muscle 
commences in the human embryo at about the seventh week and the typical 
structure of the muscle fibers is reached by the twenty-second week.** The 
developing muscle fibers obtain nerve connections soon after their first dif- 
ferentiation (eighth week),*® but the maturation of the motor end plates and 
the commencement of normal functional activity does not occur until the end 
of the seventh month and is not complete in the limbs, especially in the foot and 
leg, until after birth.** Sensory nerve endings (muscle spindles) develop and 
differentiate before the motor end plates,’® and reflex muscle contractions re- 
sulting from stimulation of the surface of the body can take place while the 
motor end plates are still quite immature. 

Harrison** showed that the initial differentiation of muscle fibers can take 
place without any nerve connections, but more recently Eastlick”’ has shown 
that full differentiation of muscle tissue and the arrangement of muscle fibers 
into bundles occurs only in the presence of a connection between the developing 
muscle and its nerve. If there is no development of the nerve-muscle connection, 
the muscle fibers do not develop beyond a certain stage, and they later undergo 
degeneration. 

The developing muscles at first are independent of the skeletal elements, 
to which they later gain attachment. If one or more of the skeletal elements to 

From the Department of Anatomy, Queen’s University, Belfast, Ireland. 

Read at the Eastman Dental Hospital, London, Dec. 12, 1951. 
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which a muscle normally gains attachment is absent, the development of the 
muscle continues. Hall** showed that in larval amphibians such a muscle as the 
levator mandibulae may be well developed in the absence of its insertion, the 
mandible, the muscle terminating in loose mesenchyme in place of its normal 
attachment. He also produced evidence that early differentiation of the muscles 
of mastication is related to a proper development of the adjacent cartilage 
elements, such as the palato-quadrate bar. In the mammalian skull the muscles 
of mastication first develop in relation to Meckel’s cartilage and later gain 
,attachment to the mandible.?” 


Conditions such as clubfoot may be due to the developing muscles’ becoming 
attached to the skeleton in an abnormal position,” to degeneration and replace- 
ment by fibrous tissue of part of the muscle tissue,® or to failure of proper 
correlation in growth of bone and muscle.** Areas of degeneration in developing 
muscle may be associated with nerve lesions, as it is known that each nerve fiber 
in a moter nerve to a muscle supplies a certain number of muscle fibers. De- 
generation of an individual nerve fiber will result in the degeneration of a 
number of muscle fibers. 

During early fetal life skeletal muscle grows by division of developing 
fibers or by the further differentiation of muscle-forming cells, but it is generally 
believed that after the fourth month of fetal life in man growth of muscle tissue 
is by hypertrophy of individual fibers, which increase in both length and width.‘ 
Muscle fibers of the tail of the tadpole increase in diameter two or three times, 
or even more, during the growth period from the time of hatching to meta- 
morphosis. Growth by differentiation of new fibers is much more limited.” 
Lockhart and Brandt*®* showed that in the sartorius muscle of a human fetiis a 
single fiber ran the whole length of the muscle and was at that time some 5 em. 
long. They believe that in the adult the muscle fibers still run the whole length 
of the muscle, which is more than 50 em. in length. 

Between 1 year of age and adult life, the human masseter muscle increases 
in thickness about four times and in cross-section area about eight times. This 
increase is produced in part by an increase in the fibrous tissue and tendon 
substance separating and giving attachment to the muscle bundles, but is 
caused largely by an increase in size of the individual muscle fibers. In the 
adult, each fiber in cross section is two or three times as thick as in the child 
at 1 year of age. Furthermore, in the child there is a greater variation between 
the sizes of the individual fibers, some fibers still retaining the fetal dimensions. 
During childhood it would appear that the following three processes contribute 
to the growth of muscle. 


1. There is a relatively great increase in size on the part of those fibers that 
are still of fetal size in early childhood. This growth probably is related to a 
fuller maturation of the nerve-muscle connections. 

2. There is an increase in size of the larger fibers of the child’s muscle up 
to adult dimensions, but even in the adult some fibers are less developed than 
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others. These probably form a functional reserve of muscle substance to meet 
the demands of greater masticatory function. 

3. There is an increase in the bulk of the fibrous tissue between and around 
the muscle bundles. 


Lorrain Smith*®* wrote of skeletal muscle: ‘‘. . . the consideration of muscle 
is that of a tissue fixed in early life with no power of growth by cell multiplica- 
tion. The increase in bulk is a function of activity. When a muscle has less 
work it atrophies. When it has more work it hypertrophies. The size of a 
muscle is a register of the work it has to do.’’ 

Haines*' believes that muscle fibers grow along their whole length in 
response to traction set up by the growth of the bones to which the muscle 
it attached and that unwanted muscle substance (that is, a length of muscle 
fiber over and above what is required to produce the normal movements at the 
joints at which the muscle acts) is converted into tendon. Speidel™* also holds 
that tendon fibers are muscle cell derivatives. Haines admits, however, that 
traction will not account for muscle migration, as illustrated by the growth of 
the temporal muscle. 

It should be remembered, however, that the growth in width of a muscle 
is in some ways a different process than growth in length. The increased area 
of attachment of the origin of the temporal muscle and of the insertion of the 
masseter is directly related to the growth in width of the muscle substance and 
not to any great extent to growth in length of individual fibers. The insertion 
of the temporal muscle and of the external pterygoid, on the other hand, is 
largely through tendon and there is a much less extensive increase in the area 
of attachment. The migration of the temporal muscle is due essentially to 
an increase in the area of its origin related to the growth in width of the 
individual muscle fibers, each of which is attached to bone. In its insertion 
most of the muscle fibers are attached, not directly to the mandible, but to a 
large tendinous area within the substance of the muscle (Fig. 1), and it is 
through this tendon that the muscle gains its more limited attachment to the 
coronoid process. 

Growth in length of the muscles of mastication, whether by increase in 
size of individual muscle fibers or increase in tendinous substance, is related 
to the growth of two cartilaginous areas of the skull (Fig. 2). In the case of 
the masseter, internal pterygoid, and vertical fibers of the temporal muscle, 
the cartilage of the mandibular condyle continues to separate the muscle origins . 
from the muscle insertions. In the ease of the external pterygoid and the 
horizontal fibers of the temporal, origin and insertion are separated by the 
growth of the cartilage of the cranial base (spheno-occipital synchondrosis). 
It is the continual growth of this cartilage that makes room for the developing 
muscles of mastication between the vertebral column and the back of the facial 
skeleton.*? Space also is provided for the muscles of mastication by the lateral 
growth of the zygomatic arches (Fig. 3), which is brought about by a combined 
process of bone absorption, deposition, and suture growth.® Friel*’ has pub- 
lished results showing the correlation between the power of the bite, as measured 
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Fig. 1.—The origin and insertion of the temporal muscle. 


2.—Cranial base of a human fetus to show position of cartilage growth areas. 
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by a dynamometer inserted between the first permanent molars, and the sitting 
height. The results give an indication of the correlation between the growth of 
the muscles and the development of the dentition. From about 6 years to about 
10 years of age, the muscles develop at a steady rate as indicated by the bite 
pressure. Between 10 years and 15 years, there is but little further develop- 
ment, while after 15 years the development of the muscles is more rapid than 
between 6 and 10 years. The muscles develop most rapidly after puberty in 
association with the replacement of the deciduous teeth by the permanent 
dentition, which is complete by the end of the twelfth year, and the eruption 
of the second and third permanent molars. 


0 QO 


10 Yrs. Adult Old Age 


Fig. 4. 


Humerus Femur 


Fig. 3. Fig. 5. 


Fig. 3.—Skull of child and adult to show growth in zygomatic region. 
Fig. 4.—Cross sections of human humerus at 10 years, adult, and old age. 
Fig. 5.—Cross sections of human humerus and femur (adult). 


Muscle Development and the Internal Structure of Bone.—Fig. 4 shows the 
appearance in cross section of a humerus of a child of 10 years, of an adult, 
and of an old person. It will be noticed that the thickness of the cortical bone 
is considerably greater in the case of the adult. This increase in the amount of 
cortical substance, built up of tightly packed Haversian canal systems, is 
related to the greater muscular development of the adult. In old age, with 
atrophy of the muscles, the cortical substance is reduced in amount and the 
bone becomes thinner and more liable to fracture. Fig. 5 shows the appear- 
ance, as seen in eross section, of a humerus and femur from an adult. The 
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thigh bone shows the thicker cortex. The bones of the lower limb not only 
have to act as levers for muscle movement, but they also have to transmit the 
weight of the body to the feet, both while at rest (standing), and during locomo- 
tion (Table I). As a rule, the right humerus and the left femur are thicker 
and also longer than the opposite bones, as the muscles of the right arm are 
usually better developed and the body weight transmitted more to the left leg.®® 


TABLE I 


Thickness of humerus (10 years) ¢ 
Thickness of humerus (adult) 
Thickness of humerus (old age) 
Thickness of femur (adult ) 


In muscular paralysis, especially if the onset of the paralysis occurred 
during the growth period, the limb bones are deficient in both length and 
thickness. Humphry observed that the thinness of the bones in paralysis, in 
other words, the deficiency of lateral growth, is a more marked and constant 
feature, and affords a better example of the relation between the growth of 
the bones and muscular action, than the deficiency in length. Tower’® rendered 
the muscles of the hind limbs of puppies inactive by section of the posterior 
roots and the spinal cord in the lumbosacral region. The muscles underwent 
atrophy and the bones were deficient in thickness. Structures for the attach- 
ment of muscles were poorly developed, but growth in length of the bones was 
not affected. 

\\ Fig. 6 shows the appearance of the body of the mandible as seen in cross 
section in a series of pigs of different ages. In each ease the section was cut 
immediately in front of the tooth which oeceupied the back of the dental arch. 
It will be seen that the thickness of the cortical bone increases with age and 
with the development of the dentition (Table IT). 


TABLE IT 


THICKNESS OF AREA OF INSERTION 
CORTICAL BONE OF MASSETER 
AGE LAST TOOTH ERUPTED (MM.) (SQ. CM.) 


5 weeks Third deciduous molar 10 
3 months Third deciduous molar 25 
6 months First permanent molar 32 
1 year Second permanent molar 3. - 
Adult Third permanent molar 56 


“4 In Table II is also shown the approximate area for the insertion of the 
masseter muscle. It will be noticed that there is a contemporaneous develop- 
ment of tooth eruption, thickening of cortical bone, and muscle development, 
which suggests that there is a general correlation between the growth of the 
muscles of mastication, the development of the dentition, and the strength of 
the mandible. 

There are, however, factors other than the demands of function and 
muscle development in the determination of the thickness of cortical bone, 
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as is shown in the development of the bones of the manatee.** In this animal 
there is no absorption of the cortical bone from within to form the characteristic 
medullary cavity while the periosteum continues to deposit bone on the external 
surfaces. It must be remembered that the proper development of skeletal 
elements in relation to the demands of mechanical function is a matter of a 
proper balance between bone deposition and bone absorption. Bone absorption, 
in turn, is related to such diverse factors as the growth of air sinuses (as in the 
skull of the pig and elephant and the limb bones of birds) ,'' the formation of 
bone marrow, and the storage of calcium salts in relation to the formation of 
egg shells in birds,® so that bone deposition always must be adequate to allow 
for these nonmechanical factors in bone morphology. 


Adult 
AAR. 


Fig. 6.—Cross sections of pig mandibles at different ages. 


Bone Growth and Bone Deformity.—While the thickness and internal struc- 
ture of bone is related to its use, the growth of bone, especially in so far as this 
is the result of cartilage growth, is largely independent of use. Growing bone, 
however, is susceptible to deformation resulting from abnormal forces acting 
upon it, provided these forces are continuous. Appleton’ sectioned some of the 
muscles inserted into the femur in rabbits. As a consequence of the resulting 
abnormal posture, changes in form took place in all the bony elements of the 
limb. The changes occurred in the regions of bone growth at the meta- 
physeal region, and continued to increase as growth continued. No changes 
occurred if adult animals were used. Bone normally undergoes changes in 
form during growth. Abnormal form, therefore, can be produced by abnormal 
forees acting upon normal bone during its growth. In ‘‘postural’’ scoliosis, 
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however, no deformity of bone structure occurs. The vertebral column, with 
its numerous intervertebral dises, is built to resist deformity. Moreover, in 
postural scoliosis the deformed position is not constant as in Appleton’s muscle- 
cutting experiments. 

If the bone structure is itself abnormal, as in rickets or Paget’s disease, 
then normal forces will produce abnormalities of bone form, and again the chief 
sites of deformation are situated at the regions of most active growth. 


Muscle Development and the Form of the Skull_—The form of the lower 
jaw can be analyzed into more than one element. If the muscles of mastication 
atrophy as the result of disuse, injury, or old age, the shape of certain parts of 
the bone changes. Washburn** removed the temporal muscle in 1-day-old rats. 


Fig. 7.—The processes of the mandible. 


Three to five months later the coronoid process of the mandible on the operated 
side was almost entirely absent. In old age both the coronoid process and angle 
of the mandible show loss of bone substance. In a similar manner, if the teeth 
are shed or extracted the alveolar bone becomes resorbed (Fig. 7). The total 
length of the mandible from condyles to chin, however, is not affected as a 
result of these local changes in form. Therefore, we can analyze the mandible 
into a basal element, an alveolar element, and muscular processes.** While the 
structure of the bone changes throughout with changes in the degree of use, the 
associated changes in form are much more localized and are closely related to 
the developmental history of the 

The Eskimos have developed the muscles of mastication to a greater degree 
than most human races. The characteristic features of the skull in relation 
to this functional use of the muscles are :'* ** ® 


1. The temporal ridges are well marked, are situated well up on the sides 
of the cranium, and are associated with the massive temporal muscles. 


2. The zygomatic arches are well developed to give origin to the powerful 
masseter muscles and also in relation to the forces of mastication acting through 
the arches as elements of the facial buttress system.** They also project 
markedly in the lateral direction to allow of a large space between them and 
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the side of the skull for the temporal muscles passing from their origin to the 
ecoronoid process of the mandible. 


3. The lateral pterygoid plates are exceptionally wide and the maxillary 
tuberosities are well developed in relation to the origin of the pterygoid muscles. 


4. In the mandible the angular region is well developed with, eversion of 
the outer border; the coronoid processes are strongly developed and the ramus 
is wide in relation to the height. The bigonial width of the mandible is greater 
than in other races. 


5. The glenoid fossae are shallow, with poor development of the eminentia 
articularis in association with the extensive side-to-side movements and use of 


the incisors in chewing tough food and softening hides. 


6. Palatal and mandibular tori are frequently present and they are well 
developed. 

Male Eskimos 14 years old and over can produce an average bite pressure 
of between 250 and 300 pounds in the molar region, with a maximum of 348 
pounds, in one series of investigations.** The best result obtained by Friel?’ 
in a 15-year-old Irish boy was 170 pounds. 

Cameron,'* Thompson, and others believe that the muscles of mastication, v 
especially the temporal muscles, have an important role in determining the 
form of the cranial vault, while Trotter** put forward the theory that the 
freeing of the skull from accessory functions, especially those associated with 
massive neck and masticatory muscles, was an important factor in the evolution 
of the human brain. Weidenreich,® however, provides convincing evidence that 
these mechanical influences only affect the development of the superstructures, 
but not the form and development of the cranium itself, and still less the brain. 
Abbie? stated that there is no correlation between the form of the cranium and 
the size of the jaws. It would appear that the degree of development of the 
muscles of mastication and of the dentition with which such development is 
related can modify the form of the skull through certain structural changes, 
such as the development of sagittal crests, the size of the mandibular ramus and 
lateral pterygoid plates, the thickness of the cortical bone, and therefore the 
robustness and size of the body of the mandible and the development of the 
facial buttress systems. However, the development of the muscles does not 
determine the total form of the skull and especially such regions as the cranial 
base, the basal element of the mandible, the orbital cavities, and the nasal 
cavities. Quite independently of muscle function and development, the growth 
of the brain, eyeballs, and nasal cavities and the growth of the cartilage of 
the cranial base, mandibular condyle, and nasal septum play an important part 
in contributing to the development and form of the skull. MHarris** wrote: 
‘“Asg for the skull crests (in the Gorilla), so for in endocranial skull form; 
there is not only a ‘muscle’ factor, a ‘dentition’ factor, a ‘face’ factor and a 
‘brain’ factor, but there is also a ‘skull’ factor which is at present too complex 
to be analysed in terms of race alone.’’ Townsley*' produced evidence that not 


438 J. H. SCOTT 


only may the structure of bone be associated with function in ontological 
development, but that mechanically determined structures may present them- 
selves as hereditary features in young bones which, in the particular individual, 
have been protected experimentally from the stresses and strains of muscle 
pull and weight bearing. This hereditarily determined structure of bone may 
be related to increased muscular coordination and differentiation in association 
with the phylogenetic development in complexity on the part of the central 
nervous system.°*° 

Krahle and Evans,** in their study of humeral torsion in man, came to the 
conclusion that the torsion of this bone is the result of the interaction of a 
primary hereditary torsion upon which is superimposed a secondary ontogenetic 
torsion produced by function. 


Fig. 8.—Temporal muscle migration in the gorilla. 


' The relation of muscle function to the structure and form of the skull may 
be summed up here as follows. 


1. In the skull certain elements of the adult form are entirely independent 
of muscle growth and action, but are related to the growth of other organs 
and tissues. 


2. Certain elements of structure and form are related to muscle function 
through phylogenetic development and develop in a particular individual to a 
certain degree independently of the development or action of the muscles of 
that individual. 


3. Certain other elements of structure and form, chiefly concerned with 
actual size or thickness or strength of parts, depend for their full development 
upon the degree of muscular function in the individual. 

We now will consider further evidence in support of these conclusions. 


Young XY, Adult 
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The Correlation Between the Growth of the Temporal Muscle and the 
Development of the Dentition—Keith*® showed that in the male gorilla the 
temporal ridge, marking the upper limit of attachment of the temporal muscle, 
reaches about 10 mm. above the lower border of the parietal bone at birth. At 
the time of completion of the deciduous dentition, the line has ascended three- 
tenths of the height of the parietal bone. By this time brain growth has almost 
ceased.*® The temporal ridges reach to the middle of the parietal bone by the 
time of eruption of the first permanent molars and meet one another over the 
sagittal suture when the second permanent molars erupt. In adult male animals 
in which the permanent canines and third molars have erupted, a sagittal crest 
has been built up to give further attachment to the muscles. This crest reaches 
to a height of 22 mm. or more over the posterior part of the skull (Fig. 8).- In 
the male chimpanzee and orangutan less massive crests may develop. A 
low erest may develop in the female gorilla, while sagittal crests are absent 
in the other female anthropoid apes. The average cranial capacity for the 
anthropoid apes is as follows :°° 


Male gorilla 508 em. 


Female gorilla 435 em. 
Male chimpanzee 404 em. 
Female chimpanzee 389 em. 
Male orangutan 395 em. 


Female orangutan 357 em. 


In spite of the greater cranial size, the gorilla requires a large suprasagittal 
crest for the temporal muscles. 

Table III, from the data provided by Ashton and Zuckerman,* gives com- 
parative figures for the development of the dentition among anthropoid apes. 


TABLE IIT 


HEIGHT OF 


OCCLUSAL LENGTH 


LOWER CANINE OF Ml, M2 AND M3 
ANIMAL (MM. ) (MM.) 
Male gorilla 28.4 51.6 
Male orangutan 21.9 40.6 
Male chimpanzee 17.7 32.3 
Female gorilla 16.2 47.4 
Female orangutan 14.9 37.1 
Female chimpanzee 12.7 30.9 


We have here some evidence of a correlation between growth of the 
temporal muscle, the formation of bony superstructures developed in relation 
to the muscle growth, and the degree of development of the dentition. 

Bunak™ also finds that there is a close, but not a full, correspondence 
between the extent of the temporal muscle, the size of the canines, and the 
development of the lower jaw. 

In the male baboon, in which the permanent canines and molars are much 
more massive than in the female, the temporal ridges of each side first meet one 
another over the sagittal suture at about the time of eruption of the permanent 
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canines. In adult animals low sagittal crests develop over the back of the skull. 
In adult females the temporal ridges fall short of the midline and no crest is 
produced. 

In long-faced dogs the temporal ridges have ascended two-thirds of the 
height of the parietal bones just before the replacement of the deciduous teeth 
by the permanent dentition, while in adult animals the temporal ridges have 
united in the middle line to form a sagittal crest which comes forward to about 
the level of the coronal suture. In dogs there is not much difference in the 
degree of development of the sagittal crest in the two sexes; neither is there any 
great sexual difference in the dentition. 


The Method of Formation of Sagittal Crests—The temporal ridges develop 
where the fascia covering the temporal muscle is attached to the fibrous outer 
layer of the periosteum. Along the line of union of the two fibrous layers, the 


Fig. 10. 


Fig. 9.—Migration of temporal crest. 
Fig. 10.—Development of sagittal crest in the gorilla. 


underlying cellular osteogenetic layer of the periosteum forms a bony ridge 
(Fig. 9). As the muscle migrates upward and backward with growth, the bony 
ridge moves before it by a process of resorption and redeposition of bone until, 
in the male gorilla or baboon, the two ridges come together along the middle line 
above the sagittal suture. Here the fasciae covering the temporal muscles of 
the two sides of the skull meet and run together to the underlying bone, forming 
a two-layered fibrous septum between the muscles. Ossification extending into 
this fibrous septum produces a midline sagittal crest (Fig. 10). In the same 
way, at the back of the skull, crests are formed between the e temporal muscles and 
the neck muscles attached to the occipital bone. 

The Development of the Masseter Muscle and the Ramus of the Mandibie.— 
The masseter muscle is attached to the outer surface of the ramus of the mandi- 
ble between the mandibular notch and the lower border. It is generally held 
that there is a correlation between the breadth of the ramus and the degree of 
development of the muscles of mastication.*? ** 

Table IV gives some dimensions of the Heidelberg mandible,*® which is the 
most massive human jawbone known, of a large Eskimo mandible,’* and of a 
large Irish Iron Age mandible.*’ 


i 
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TABLE IV 


HEIDELBERG ESKIMO | IRISH 
DIMENSION (MM.) (MM.) (MM.) 


Minimum breadth of ramus 52.0 47.5 35.0 
Bicondylar width 131.0 = 126.0 
Bigonial width 108.0 117.0 105.0 
Symphysial height 52.0 47.0 36.0 
Thickness at third molar 22.5 18.5 md 

Length of mandible 110.0 114.0 


The range of variation for the breadth of the ramus among individuals from 
living human races is from 23 to 56 mm. The races with the highest average 
measurement are the Aleutian Islanders and the Eskimos, while the lowest 
average is found among white races.*! 

Table V gives the breadth of the ramus and the occlusal length of the three 
lower permanent molars from various sources. 


TABLE V 
Ml, M2, M3 BREADTH OF RAMUS 
SOURCE (MM.) (MM.) 

Iron Age Irish (McL.) 30.3 (22.5 to 35) 

17th Century English 30.9 (+ 0.28) 
(Farringdon St.) (C.) 

U. 8. White 

Anglo-Saxon (L.Y.) 

Chinese (H.) 

Lapps 

Bantu (S8.) 

Canadian Eskimo (C.R.) 

Eskimo (Hr.) 

Australian (Hr.) 

Sinanthropus (W.) 

Heidelberg 

Plesianthropus 

Male chimpanzee 

Male orangutan 6 (A.Z. (64.6 to 83) (E.) 

Male gorilla ; Z. (85.0) 

A.Z. = Ashton and Zuckerman,’ B. = Broom and Robinson,” C. = Cleaver,!® C.R. = Cam- 
eron and Ritchie,“.® E, = Elliott,“ H. — Harrower,™ Hr. = Hrdlicka,“" L.Y. = Layard and 
Young,“ McL. = McLoughlin,” P. = Pedersen,“ S. = Shaw,” S.O. = Selmer-Olsen,“”9 W. = 
Weidenreich.*-* 


The figures in brackets give the range of variation. Brackets around single 
figures indicate approximate measurements. 

It will be noticed that the range of variation for the tooth dimension is less 
variable than that for the ramus breadth which would indicate that the actual 
use of the muscles of mastication is an important factor in determining the size 
of the latter. Muscle use is not the only factor, however, as is illustrated by | 
the ramus size for the Lapps and Eskimos. Both races live on a similar diet. 
The Lapps are a small-boned people in which the muscle processes are well 
developed relative to bone size, but small when compared with the corresponding 
processes of the large-boned Eskimos. It is also of interest to notice that the 
ramus breadth is greater than the tooth series length in all races except the 
white races and the Bantu. Keith** indicated the relationship of the degree of 
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development of the muscles of mastication in different mandibles by the area 
of insertion of the masseter. Table VI" gives some examples. 


TABLE VI 


SQUARE CENTIMETERS 
Heidelberg 35 
Tasmanian 32 
Bantu 32 
Modern English 28 


While the size of the mandibular ramus is related to the degree of use of 
the muscles of mastication, certain other mandibular measurements show no 
such direct correlation. These include the total length of the body of the bone 
from the back of the condyles to pogonion (the most projecting point of the 
mental protuberance), and the bicondylar width. 

Hrdlicka" stated that variability between the jaws of living human races 
is least for mandibular length and greatest for breadth of the ramus and thick- 
ness of the body. Bicondylar width is related to the width of the cranial base 
which carries the glenoid fossae. The length of the mandible is related to the 
stature of the body. As the stature increases, however, the relative length of 
the mandible decreases ;*': “' that is, the rate of growth of the mandible lags 
‘behind the rate of skeletal growth. The lack of any direct correlation between 
mandibular length and breadth of the ramus may be shown by comparing the 
ramus breadths of the mandible in which this dimension is greatest with the 
mandibular lengths of the same jaws from Irish and Chinese material (Table 
VII). 


TABLE VII 


IRISH SERIES (MC LOUGHLIN, 1950) | CHINESE SERIES (HARROWER, 1928) 


| 


RAMUS RAMUS 
BREADTH MANDIBLE BREADTH MANDIBLE 
NUMBER (MM.) LENGTH IN MM. NUMBER (MM.) LENGTH IN MM. 


(Range 80 to 117) (Range 91 to 119) 
295 35 104 120 39.0 105.0 
C. K. A. 35 114 100 38.0 119.0 
167 34 106 93 37.5 102.6 
284A 34 112 102 36.8 106.2 
336 34 117 132 36.5 94.5 
104 33 113 108 36.5 110.0 


The Irish mandible with the lowest mandibular length (80 mm.) has a ramus 
breadth of 28 mm. (range 22.5 to 35 mm.), and the Chinese mandible with 
the lowest mandibular length (91 mm.) has a ramus breadth of 31.6 mm. 
(range 24 to 39). The degree of development of the alveolar process of the 
mandible is also independent of the total mandibular length. In the Heidel- 
berg jaw, and in the chimpanzee, a much more massive alveolar process is 
built up on a mandibular body of dimensions somewhat similar to that found 
in living human races. In modern man the chin is an expression of a re- 
duction of the alveolar element, not of an increase in the length of the body 
of the mandible. It is interesting to notice that those elements in mandibular 
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growth which are least affected by the degree of development of the muscles 
of mastication or of the dentition depend upon the conversion of cartilage into 
bone, and in this respect there is a similarity between the growth in length of 
the mandible and the growth of a long bone. We have noticed already that 
such conditions as muscle paralysis have much less effect upon the length of 
a limb bone, which depends upon cartilage growth, than upon its thickness and 
the development of its muscular processes, which depend on the relationship of 
bone deposition to bone absorption. 


The Functional Relationship Between Muscle and Nerve.—It has long been 
known that when the motor nerve to a muscle is cut the muscle undergoes 
atrophy. Tower described three stages in this process. First, there is a 
period of up to seven days in which the muscle is inactive and the nerve tissue 
remaining in contact with the muscle degenerates. The second stage is initiated 
by the onset of spontaneous, rhythmie, fibrillar contractions. This stage may 
continue for a considerable time and is associated with reduction in the size 
of the individual fibers without, however, any loss of the characteristic fiber 
structure. Finally, the muscle degenerates and is replaced by fibrous tissue. 
Tower* also has shown that the trophic state of skeletal muscle, which is 
abolished with nerve section, depends entirely upon the motor innervation and 
is not related to the sensory or autonomic nerve supply of the muscle. ‘‘Like 
‘tonic state’ ‘trophic state’ becomes in this light one aspect of the function of 
the neuromotor unit.’’ Gutmann*® produced evidence showing that motor nerve 
fibers are able to arrest and reverse atrophic changes, even after long periods of 


denervation, provided they can make contact with the muscle tissue. Recovery 
is indicated by increase in the diameter of the muscle fibers, decrease of con-— 
nective tissue, and the return of the nuclei of the muscle fibers to their original 
shape and position. 


Atrophy of a much more limited nature occurs if a muscle is not used. 
‘*Disuse atrophy’’ has been studied by Chor and Dolkart’® in the monkey. 
Limbs were eneased in plaster of Paris. Within one week there was evidence 
of decrease in muscle bulk. The atrophic process was very slow, however, and 
there was no evidence of degeneration or of any chgage in the size and strue- 
ture of the anterior horn cells of the spinal cord or of the nerve fibers from 
the spinal cord to the immobilized limb. Smith™ described a muscle in a human 
leg which, owing to the absence of the tibia, arose and was inserted to the 
same bone, the fibula. This muscle performed no function, but as its nerve 
supply was intact, its structure was normal and there was no evidence of 
atrophy or degeneration. [in man there is a marked decrease in the number 
of motor-horn cells after the fifth decade of life.** Atrophy of muscle begins 
to show itself at about the same time.| 

Sometimes disease of peripheral nerves, such as polyneuritis, results in 
abnormal regeneration and associated hypertrophy of the related muscles.*? A 
condition of unilateral or bilateral hypertrophy of the masseter muscles has 
been described.*® In such cases there is a great increase in size on the part of 
some of the muscle fibers. The condition is sometimes associated with hyper- 
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trophy of other muscles and often with evidence of disorder of the central 
nervous systems. A common finding is an increase in the size of the angular 
region of the mandible with outward eversion of the lower border of the bone. 


From the evidence here produced it appears probable that the motor nerves 
to striped muscle are responsible not only for their tone, contraction, and 
jrelaxation, and for maintaining the normal size and structure of the muscle 
fibers (trophie action), but also for their growth. It is significant that nerve 
and muscle are similar in that both early lose the power of growth by cell 
division but continue to grow by increase in cell size or hypertrophy in relation 
to the demands of function.®* In the cat there is an increase of 157 per cent in 
the diameters of myelinated fibers in the oculomotor nerve from birth to 6 
months of age.* In the albino mouse the ventral-born cells of the spinal cord 
increase rapidly in size from birth to the twentieth day and attain full size at 
the thirtieth day.*' In the albino rat, growth of the sciatic nerve in cross 
section increases rapidly up to 63 days, is slower up to 250 days, and from then 
to old age is continuous but again less rapid.*? Nittono®? has shown that the 
diameter of the nerve fibers in the fifth cranial nerve in the albino rat increases 
very rapidly from birth up to 20 days, then at a slower rate up to 100 days, and 
then steadily but slightly up to 485 days when observations were discontinued. 
This is a different rate of growth from that found in the sciatic nerve and 
appears to be related to tooth eruption. The times of eruption of the teeth of 
the rat are: incisors, tenth to sixteenth day; first molar, nineteenth to twenty- 
fifth day; second molar, twenty-second to twenty-eighth day; and the third 
molar, thirty-fifth to fortieth day. The figures in each case give the time of 
first cutting the gum and the attainment of occlusion.** The incisors receive 
a more extensive nerve supply than the other teeth and in these teeth the 
greater number of the fibers enter the periodontal membrane on the lingual 
cement-covered side of the tooth.** In rodent incisors only the lingual cement- 
covered surface has a true periodontal membrane. The buceal enamel-covered 
surface is separated from the alveolar bone by loose connective tissue.** Mo- 
hiuddin® analyzed the fibers of the inferior dental nerve in kittens and adult 
cats. In the newborn kittens the myelinated fibers are between 2 mm. and 
5 mm. in diameter. In adult cats two types of medullated fibers are present: 
(a) small fibers about 4 mm. in diameter and (b) large fibers about 10 mm. in 
diameter. The number of nerve fibers does not increase after birth, and growth 
in size of the fibers is complete by the fifth month. The larger fibers include 
those which have their sensory end organs in the periodontal membrane.” *! 
The permanent teeth erupt between the fifth and seventh months. In the 
inferior dental nerve of the cat, 26.7 per cent of the fibers arise in the canine- 
incisor region, 13.4 per cent in the premolar region, and 12 per cent in relation 
to the carnassial (molar) tooth. The remaining fibers come from the mental 
nerve.*? 

It would appear that both motor and sensory nerves continue to grow after 
birth and that this growth is associated with muscle growth. Fernard and 
Young” state that it is probable that the activity of the sensory or motor 
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periphery connected with a nerve fiber influences the diameters of the fiber 
and cell to some extent, and it is almost certain that the amount of stimulation 
falling upon the cell dendrites has-an important effect. Furthermore, the 
sensory nerves associated with the teeth increase in size as the dentition 
develops, and in animals with well-developed incisors or canines a large number 
of sensory fibers arise in association with the periodontal membrane of these 
teeth. 


Dental Development, Muscle Growth, and Skeletal Form.—There is plenty 
of evidence to show that the muscles of mastication develop in association with 
the development of the dentition, but it is still uncertain how this exact correla- 
tion is brought about. The migration of the temporal muscle cannot be 
explained by Haine’s theory of the relation between muscle growth and 
skeletal growth.** From evidence brought together here, it appears probable 
that muscle growth is associated with growth of the motor nerve to the muscle. 
Each motor nerve fiber in a motor nerve supplies a certain number of muscle 
fibers.** °° Growth of the motor fibers in turn is almost certainly under the 
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Fig. 11.—Nerves associated with development of the muscles of mastication. 


control of the sensory fibers and nerve tracts which terminate in relation to the 
motor nerve cells in the anterior horns of the spinal cord or motor nuclei of the 
cranial nerves.'* ** In the case of the muscles of mastication, the sensory 
impulses acting on the motor nerve cells arise from the skin of the face and 
oral mucous membrane; from the muscles themselves (proprioceptive fibers) ; 
from the periodontal membranes of the teeth’’; and perhaps from the bones of 
the jaws. Sherrington” found that pressure applied to the gums, hard palate, 
and teeth in decerebrate cats produced opening and closing movements of the 


jaws. 
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Through these reflex ares the muscles are related to the growing face and 
to the developing dentition (Fig. 11). Furthermore, by such a complex of 
reflexes, the developing form of each of the muscles may be correlated with 
the form of the dentition, so that in animals with well-developed canines the 
necessary jaw movements can be produced by the necessary muscle layout 
developing under the control of the developing dentition. Some experimental 
evidence for such an interrelationship of dentition, muscles, and skull form is 
provided by the work .of Griineberg.”® In grey-lethal mice the teeth are 
distorted during development and most of them fail to erupt. The muscles of 
mastication fail to develop in the typical rodent pattern and there is abnormal 
development of the coronoid processes, angular processes, zygomatic arches, and 
pterygoid plates. The failure of tooth development and eruption brought about 
by a breakdown in the mechanism of bone absorption is the primary factor in 
this pattern of abnormal development. 
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Fig. 12.—The muscles of mastication in a typical rodent. 


Rodents illustrate in a striking manner the adaptation of the basic mam- 
malian layout of the muscles of mastication to meet the demands of special 
function associated with a highly specialized dentition. Certain parts of 
muscles, such as the pterygoids and masseters, undergo a specialized development 
and attain new bony attachments.’ As a result, specialized movements are 
produced at the temporomandibular joint and the joint itself undergoes changes 
in form (Fig. 12). 

The muscles of mastication, in their specialized development for any given 
species, modify the form of certain regions of the skull so that the proper 
movements can take place at the temporomandibular joints. These regions are 
the temporal fossae (where various superstructures may be built up on the 
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underlying and independently developing cranial capsule), the zygomatic arches, 
the lateral pterygoid plates, the angular and coronoid processes of the mandible, 
and also the parts determining the form of the temporomandibular joints, such 
as the eminentia articularis, the postglenoid process, and the head of the 


condyle. 


SUMMARY 


Evidence has been brought together to support a theory of functional and 
developmental association between growth of the dentition, growth of the muscles 
of mastication, and certain structural characters of the cranial and facial 
skeleton. It is postulated that growth of the muscles is regulated by nerve 
reflexes developing in association with the development of the dentition, and 
in this way the specialized muscle actions found in different animals are related 
to their specialized dentitions on the one hand, and to specializations in the 
structure and form of certain regions of the skull on the other. 
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THE USE OF CHROME ALLOY IN EDGEWISE TECHNIQUE 


JOHN M. Grirrtn, B.S., D.D.S., M.D.Sc., HoLLywoop, CaAuir. 


HE purpose of this article is to report the scientific information regarding 

the use and technical possibilities of chrome alloy. 

As the science of orthodontics advances, and the use of chrome alloy be- 
comes more widespread, it demands a comprehensive knowledge on the part 
of the practicing orthodontist concerning the properties of the metal, as well 
as its adaptability to orthodontic technique. 

In August, 1936, Dr. William R. Humphrey, in a lecture before the Ameri- 
can Dental Association in San Francisco, made the following statement: “The 
student of orthodontia who masters a technic of appliance construction using 
stainless steel, or chrome alloy as the newer metal is popularly known, finds 
himself engaged in a profitable, fascinating and revolutionary endeavor. 

Chromium is a grayish white metal derived from the mineral, chromite, or 
chrome iron ore. It was discovered by Vaquelin in 1791 and has been known 
to the scientific world since that time. In 1913, Brearly, an Englishman, 
brought it to the attention of the public. He invented so-called “stainless 
steel.” He was searching for a suitable material to be used for gun lining, but 
discovered a material that has innumerable uses today. 


HISTORY OF THE APPLICATION OF CHROME ALLOY TO ORTHODONTIC APPLIANCES 


A review of the changes that have taken place in materials used for the 
construction of orthodontic appliances clearly indicates that the design of 
orthodontic appliances and the method of treatment have been determined in 
the past by the materials that were available at the time the appliances were 
developed. 

In the seventh edition of Dr. Angle’s Malocclusion of the Teeth,? on page 
181, there appears the following statement : 

“The oft repeated fallacy that gold is the one suitable metal for the con- 
struction of regulating appliances is rapidly passing, as it ought, for undoubt- 
edly it has been a real hindrance to progress.” 

Paradoxically, it was for economic reasons that dentists originally used 
chrome alloy. Those orthodontists, however, who have adopted the use of 
chrome alloy in their practice, claim that the economic value does not justify 
the use of chrome alloy for the fabrication of orthodontic appliances. They 
agree that it has superior mechanical and physical properties. 


Read at the Sixteenth Biennial Meeting of the Edward H. Angle Society of Ortho- 
dontics, Victoria, B. C., Canada, May 7, 1953. 
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For example, Dr. Lucien De Coster, professor of orthodontics at the Bel- 
gian Institute of Stomatology, has said in part: 
“The peculiar advantages of rustless steel may be stated as: 


(1) It is particularly strong; its strength is double that of gold. 
(2) It is practically unbreakable. 

(3) It has a high degree of elasticity. 

(4) It has an oligodynamie antiseptic property.’ 


Dr. Sheldon Friel,’ an enthusiastic user of chrome alloy, has this to say 
about its advantages over precious metal : 


“(1) It has enormously reduced costs. 


(2) It has greater tensile strength and greater toughness. This 
allows the reduction in size of the wires in the patient’s 
mouth. 


(3) It stays brighter and cleaner in all mouths.” 


In 1935 I had the rare opportunity of spending some time with Dr. Paul 
Simon in his office in Berlin. He was using chrome alloy exclusively. It was 
known then as Wipla steel, manufactured by the Krupp Steel Corporation. Dr. 
Simon impressed me at that time by the fact that he did not use any solder or 
welding in the construction of his appliances. He had devised a method of 
erimping bands and arch wires which was quite effective. At that time, he was 
conducting what we would term a volume practice. He had about 500 active cases, 
and of course he had many technicians working for him. 

A careful review of the literature and a search for the date of inception of 
chrome alloy in American dentistry reveals that Drs. Archie Brusse and J. 
Lyndon Carman of Denver, Colo., are the first Americans to have reported the 
use of “stainless steel” in their practices.*® 

In their article entitled ‘‘Chrome Alloys,’’ the following statement appears : 
“The word ‘stainless’ is not fully descriptive of this metal. It is unaffected by 
rust, stain, tarnish, corrosion, and all acids except concentrated HCl. It is 
from one to four times stronger than mild steel; it can be fabricated easily in 
strips, tubes, wires, or any other form; and it may be secured in hard, soft, or 
dead soft grades.” 

3russe and Carman use seamless bands made of stabilized chrome alloy. 
These bands are beveled at the occlusal one-fourth by spinning over steel dies. 
The shape limits the depth that the band ean be forced toward the gingival. 
Exeessive foree will cause the band to take up the gingival slack at the mesial 
and distal and cause the band to fit more tightly. The only alteration neces- 
sary on the occlusal portion of the band is the placing of the lingual grooves on 
the upper, and the buccal grooves on the lower. Grinding and cutting is neces- 
sary only at the gingival portion to establish depth of the band. Care must be 
used not to have the band extend too far under the gingival tissue. 
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PROCEDURE FOR FITTING MAXILLARY MOLAR BANDS 


sands are made in twelve different sizes. Select a band of proper size, one 
that will fit snugly over the bell of the tooth. Bend the band between thumb 
and forefinger until it assumes the rhomboid shape of either the right or the 
left molar. Place the band on the tooth with the grooved surface to the buceal. 
Have the patient bite on a wooden tongue blade. The band then can be forced 
deeper by band adapters. Remove the band and trim around the gingival. 
The band then can be forced over the tooth, where it will snap into place, with 
the use of a band biter (pusher). 

The occlusal bevel of the band determines its length. The band is seated 
by the use of the Eby band driver. This instrument must be used vigorously 
on the lingual portion of the maxillary band only, and the band must be driven 
to its limit to eseape occlusion on the mandibular eusps. The band adapter 
then is used to form a lingual groove. 


Procedure for Selecting Molar Bands.—To select the proper size of a molar 
band, take a mesiodistal measurement of the tooth in millimeters. Then take 
a buccolingual measurement. Add the two measurements together and take 
one-half of the total. Select the band number that corresponds with the quo- 
tient. 

The actual measurements are as follows: 


Size Millimeter Measurements 
#1 8.50 
#2 9.00 
3 9.50 
+4 10.00 
#5 10.25 
+6 10.50 
#7 10.75 
#8 11.00 
#9 11.25 
+10 11.50 
#11 11.75 
#12 12.00 


Procedure for Selecting Anterior Bands.— 

Maczillary Anterior Bands: To choose the correct size take the mesiodistal 
width of the tooth in millimeters. Select the band with the alphabetical mark- 
ing that compares with the measurement of the tooth. 


Maxillary Central Incisors: Bands for the central incisors are usually 
found in sizes H, I, J, K, and L. 


Mazillary Lateral Incisors: In general, the maxillary lateral incisors will 
be four sizes smaller than maxillary central incisors. For example, if the 
central incisors require Size I bands, the lateral incisors will take E bands. 


452 


CHROME ALLOY IN EDGEWISE TECHNIQUE 


The actual measurements are as follows: 


Size Millimeter Measurements 
#H 8.00 
#1 8.05 
9.00 
#K 9.05 
#L 10.00 


Mandibular Anterior Bands: The easiest way to select these bands is to 
use a band with bracket attached and fit it over the tooth. If it happens to be 
too small or too large, use the next size. Lower central incisors take sizes C and 
D. 


Mandibular Lateral Incisors: Choose a band one size larger than used on 
the lower central incisors. For example, if the lower central incisors take size 
D, use E for the lower lateral incisors. 


Procedure for Selecting Canine and Premolar Bands.— 
Maxillary Cuspids: In general, the sizes used are G, H, and I. 


Mandibular Cuspids: In general, the sizes used are F’, G, and H. 

Correct sizes are determined by estimating and trying a band on the par- 
ticular tooth. Be sure to use a band large enough to go over the mesiodistal 
bulge. Welding an anterior band-seating lug on the lingual side of the band 
will help in forcing it into place. 


Maxillary Premolar Bands: In general, sizes K, L, M, N, and O ean be used 
for maxillary premolars. 


Mandibular Premolar Bands: In most eases sizes I, J, K, and L will suffice. 

In all cases, if the band is a little too small, the band sizer should be used 
to enlarge it. 

In selecting these various bands, whether it be for molars, anteriors, or 
premolars, in case one of them should be a little too small, it is possible to use 
the band sizer to enlarge the band enough that it will go into place easily. 


Procedure for Fitting Mandibular Molar Bands.—These bands are made in 
twelve different sizes, also, but differ considerably in form from maxillary bands. 
They are cut at a 12-degree bias. The buccal surface is lower than the lingual. 
The lingual surface inclines inward toward the gingival. Mandibular bands 
are adapted in much the same manner as the maxillary bands. The surface 
containing the groove is placed to the lingual side of the tooth. 

The final seating of the band is accomplished by the same technique as 
that used for maxillary band fitting. The only force necessary is the driving 
of the band into position by use of the band driver. On the mandibular band 
the driver must be used on the buccal surface only. Buccal grooves are placed 
with the band adapter. 
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Suecessful use over a period of years has demonstrated the superior quali- 
ties of chrome alloy in actual orthodontic practice. Now that a really satis- 
factory method of uniting the metal is available, the valuable contribution of 
chrome alloy to orthodontic therapy has been established beyond question. I 
refer specifically to the use of electric spot welding to fuse the various parts 
together. With the new welders now available for fabrication of orthodontic 
appliances exclusively, it is possible to completely band a case and use the 
various arch wires needed without having to resort at any time to the use of 
solder. 

It goes without saying that every new development in science is not im- 
mediately successful. It usually has to be pioneered and used experimentally 
until it has been perfected. The pioneers in the use of chrome alloy were ex- 
perts who employed a variety of techniques. They established, beyond doubt, 
that certain methods of treatment are dependent upon the physical properties 
of the alloy. 

Brusse and Carman of Denver, Colo., were pioneers in the use of chrome 
alloy for orthodontic appliances. They took that chance. They pioneered 
chrome alloy and it has become most popular in the hands of progressive ortho- 
dontists. 

Webster defines a pioneer as “one who goes before to remove obstacles 
and prepare the way for others.” 

In a sense, I feel like a pioneer in writing about chrome alloy, because I 
know that it may be new to many who have not been trained to use it. It is 
not easy to make a change; we all resist anything that takes extra effort. It is so 
much easier to keep doing things in the same old-fashioned way. 


I should like to show, however, that the use of chrome alloy as a complete 
appliance can save precious chair time, reduce physical fatigue, and take care 
of more patients in the allotted time. 

It is a well-known fact that the Angle edgewise technique, if practiced 
correctly, requires more work by the operator per patient than any other 
appliance. Therefore, in order to compete now and in the future, I believe that 
we should use every known benefit to help us in our chosen specialty. 

The reasons for the growing popularity of chrome alloy in edgewise tech- 
nique are its simplification and its cleanliness in use in the office, as well as in 
the patient’s mouth. Soidering can be completely eliminated. Imagine the 
boon of no soldering, no scrap to worry about, no flux or mess, no acids to cor- 
rode or contaminate other instruments or materials! From an esthetic stand- 
point, chrome alloy has no peers. In regard to comparative costs between 
precious metals and chrome alloy, it can be proved that the comparison is favor- 
able. The relative cost, however, of the material used in “hooking up a case” 
is negligible compared to the over-all expense involved in treating an ortho- 
dontie patient. The real cost is in man hours and chair time of the operator. 
The big point in favor of chrome alloy is that it is a timesaver for the doctor 
at the chair. The day may come when we will treat a greater number of cases 
for lower fees. 
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To those of us who are looking into the future and planning for it, the one 
best way that I know to improve our efficiency is to use the method that will 
reduce the amount of chair time required in fitting bands and cementing them. 
In addition to this, the less time that is required of the doctor to do the things 
away from the chair that trained personnel can do, the more efficient his prac- 
tice will be. In addition, the physical effort of orthodontic therapy will be 
minimized. 

It is possible to determine, in a very simple way, the capital assets, which 
are made up of “chair time hours.” 

For example, let us presume that the average age of orthodontists start- 
ing practice is 25, and the average retirement age is 65. At the age of 25, 
the orthodontist has 96,000 work hours, which is 12,000 workdays, as capital; 
at 35 there are 72,000 hours, or 9,000 days left; at 45 there are 48,000 hours, 
or 6,000 days left; at 50 there are 36,000 hours, or 4,500 days left; at 55 there 
are 24,000 hours, or 3,000 days left; and at 60 there are 12,000 hours, or 1,500 
days left. Please observe that these are maximum estimates. 

It is impossible to recapture time, which is the orthodontist’s greatest 
asset. A fountain pen can be refilled many times when it has been drained, 
but human beings are different. The efficient office employs trained technicians 
to do the work for which the doctor’s time is too valuable. The doctor is 
being paid for what he knows, not just what he can do with his two hands. 

I think that all will agree that the average technician can do a welding 
job better than soldering. That was proved in the aircraft industry during 
World War II. This has been true in my office and in many others, and it is 
just one more reason why chrome alloy is preferred. 

One of the lightest metals, chrome alloy has a greater tensile strength 
than gold, and a greater toughness and hardness. Consequently, smaller wires 
may be used, which is a highly desirable factor. 

Likewise, chrome alloy appliances remain untarnished, and retain their 
brilliant luster throughout treatment, while those made of gold tarnish and 
collect debris. Research reveals a material lessening of Bacillus acidophilos 
eount in mouths where chrome alloy appliances are used, in contrast to those 
in which precious metals are employed. This is known as oligodynamics. 

In my office I use as many preformed bands as possible to save time. 

Many will be amazed to know that two sizes, C and D, will fit practically 
every lower central and lateral incisor. These can be purchased with brackets 
attached. They can be fitted and cemented without ever using a separating 
wire. 

I keep boxes of maxillary and mandibular preformed molar bands avail- 
able, also anterior and premolar preformed bands. Each molar band is numbered 
and each anterior band is lettered, according to size, for proper identification. 
Without any separation at all, I can fit and cement four upper and four lower an- 
terior bands. Maxillary first molar bands usually can be placed at the first 
appointment without the necessity of tying separating wires. I usually fit 
the canines at this same appointment and tie separating wires between the 
lower molars and premolars. 
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On the second appointment, the lower sixth-year molars are fitted and 
cemented. In addition, the canine bands are cemented, and the upper second 
molars fitted and cemented. 

On the third appointment all remaining bands are cemented and light, 
round arch wires are tied in. The patient is dismissed and given an appoint- 
ment to return in three weeks. 

These preformed chrome bands are ideal for second molars. As in all 
instances, the band is selected for size and tried over the tooth to be banded 
on the plaster model. Many times I chose the correct size the first time, but 
never more than two trials are required to get the proper-fitting band. 

I ean honestly say that preformed bands fit better than any other type I 
have used. 

When it becomes necessary to fit a band around a tooth such as a canine 
or some premolars, a piece of plain band material can be used. This is cut 
to a length of 11%4 inches. The two ends are welded together for easier con- 
trol. A curved strip of chrome alloy is used for the canines. If one prefers, 
the bracket can be attached before the band is fitted. This can be done ahead 
of time and a supply kept on hand. It is a very easy operation to attach a 
specially-made jig to the spot welder for this purpose. In my practice, we use 
the blank bands and mark the location on the band for bracket, staple, and 
hook while the band is on the tooth. 

The armamentarium required for fitting chrome bands is ridiculously 
simple. One needs only a pair of Howe pliers for pinching the tails together 
on the lingual surface. No special band-forming pliers are necessary. After 
the band it fitted, it is removed and welded where the band has been pinched 
together. Then the excess is cut off to within 4, inch of the weld and a lap 
joint is made. This, in turn, is welded together. The various attachments are 
now weided on and the band is ready to be immersed in the anodic polisher. 


Recently, I have been using a new formula for the acid bath in the anodic 
passivator. The new formula contains: 


35.5 fl. oz. H;PO, (orthophosphorie acid) 
13.75 fl. oz. Glyeol “600” 
5.5 fil. oz. H.O 


This is a mixture by volume and, although it takes a few seconds longer, it 
produces a very bright polish. 

I do not intend to go into the intracacies of spot welding. Suffice it to 
say that resistance welding is the fastest and cleanest method of uniting metals. 

Generally speaking, welding is the fusing or joining together of two 
pieces of metal through induction of great heat. The heat formed is not an 
outside heat, but is generated by the resistance to the electric current passing 
through the parts to be joined. 

Preformed chrome arch wires, buceal or lingual, are another timesaver. 
With skillful use of the crimping pliers, stops can be placed as accurately as 
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any soldered joint, and quicker, too. The orthodontist never has to leave his 
operating stool at the chair to put stops and intermaxillary hooks on a chrome 
arch wire. 

Another timesaver is the use of prefabricated intermaxillary hooks which 
slide over the arch wire and which ean be crimped in any desired position. 
If hooks for the lingual of bands are required, or various sizes of coil spring 
are needed, these, too, can be obtained ready-made. 

All this, plus the fact that a new bracket has been produced which has 
one flange long enough to act as a rotation lever, adds up to make this chrome 
appliance the simplest, cleanest, and best one available today. Also, it is pos- 
sible to procure a double bracket. This has been found quite advantageous 
when used on teeth adjacent to extractions. This bracket obviates the neces- 
sity for staples and prevents tipping of the tooth toward the space. 

Another advantage I have found is that tubes can be placed accurately 
the same height on the molar bands, right and left. This makes for uniformity 
in lining up the vertical height of teeth. 

Preformed bands, beveled at the occlusal or incisal edges, make the best 
all-around band that ean be produced. The band is smoother because there 
is no seam. The tooth itself has more protection because of the beveled edge. 
It is impossible to produce this bevel in any other band which is formed on 
the tooth. This is an outstanding feature on preformed bands. 

Chairside time is particularly valuable to the orthodontist. It is most 
important, because practically everything that is done for the patient must be 
done by the doctor at the chair. He is unlike the general practitioner who 
ean prepare cavities or take impressions and have a laboratory fabricate the 
restorations. This is the reason why chair time is the orthodontist’s most 
precious asset. 

The use of a complete chrome alloy appliance wil] reduce the time re- 
quired for fitting and placement of bands. There is less possibility of loose 
bands or breakage when preformed chrome alloy bands are used, because they 
are seamless. This also means that the surface exposed to the tongue and 
other soft tissues is quite smooth. 

Individual chrome alloy brackets, if welded to the bands in one’s own 
office, can be handled easier and faster than any other types because they are 
manufactured in strips of twelve. This allows for ease of manipulation be- 
eause the other eleven in line can be used as a handle. It also increases 
the accuracy of alignment, particularly where the placement of the bracket at 
variance to the long axis of the tooth is indicated. 

In my experience, I have found it quite beneficial to weld a strip of 0.008 
by 0.028 inch flat chrome wire on the lingual-incisal edge of the maxillary 
central bands. 

This added reinforcement prevents the band from pulling loose from the 
lingual surface of the teeth. It is also an aid in placing the band when 
cementing. This added thickness allows the operator to use an Eby band 
driver or similar instrument to properly seat the band without distortion. 
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As an added dividend in chair time for the doctor, it is possible to select 
a preformed band for one tooth and use the same number band for the same 
tooth on the opposite side of the arch. This is done without taking the time 
to try it on that particular tooth before welding the attachments. 

In order to fit bands on difficult premolars (short-crowned or rotated) it 
is quite feasible to use a welded blank (114 inches long) and pinch the band 
on the buceal surface. In this case, a Howe plier is used quite satisfactorily. 
Band-forming pliers are not necessary to obtain a well-fitted band when using 
chrome alloy. 


SEPARATING 


DISKS 


The use of separating disks when fitting bands or cementing them is another 
chair time saving device. These can be used very effectively when chrome alloy 
bands are employed. These disks are particularly valuable when working on 
teeth where contacts are very tight. The disk is made of thin, hardened chrome 
allov with a piece of heavier metal attached at the edge of one-fifth the cireum- 

ference. This serves as a grip so that the disk can be forced between the con- 
tact with finger pressure. | 


The use of these disks automatically eliminates the use of separating wires. 
Thus, valuable chair time is saved in both tying and removing separating 
ligatures. 


Disks of this type are used quite effectively in the mouth when cementing 
a band on a tooth with close contacts between teeth mesial and distal that are 
already banded. Even after separating wires have been used in these cases, 
. it may be difficult to get the band on because it catches on the edge of the 
other bands. 


The use of green plastic wedges between teeth to be banded is often an 
aid in a smooth cementation operation. 
Because chrome bands have such a hard, smooth surface that can be highly 
polished, the bands will slip over the teeth easily and ean be seated to their 
required depth without binding. 

If seamless bands and chrome alloy arch wires are used, it is not necessary 
for the doctor to leave the patient while appliances are being fitted, bands 
cemented, or arches tied. All work can be done very simply at the chair. 
There is no soldering involved and the nurses ean do the welding while the 
doctor is fitting bands or measuring and contouring an arch wire. 


FORMING ARCH WIRES 


Forming an arch wire can be done very quickly at the chair. This gives 
the doctor a chance to use an operating stool while he works. The arch wire 
is selected for circumferential dimension. A crimp or loop is placed about 1 
em. from one end of a preformed arch. A preformed arch is chosen to ap- 
proximate the size and length for each individual patient. An arch former 
ean be used to fabricate one at the chair, if so desired. A straight piece of 
arch wire about 6 inches long is used. The proper amount of torque ean be 
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placed in the arch wire at this time before any bends are made. This is tried 
in the tube on the left side, and interproximal seratches are made with a 
narrow pillar No. 6 file from molar to midline. 

The arch is tried in the mouth again after the proper bends are made in 
the left side. File marks are now made from midline to the right molar. The 
arch is removed and, before any more bends are made or crimping is done, 
two intermaxillary hooks, 0.030 inch in size, are slipped over the free end. 


INTERMAXILLARY HOOKS 


With the use of clasp contour pliers, the sliding intermaxillary hooks are 
crimped into their proper place on the arch between the lateral incisor and 
canine. The straight arm of the sliding hook is bent around the nose of the 
crimping plier to form a hook. The excess length now can be cut off and a 
very neat intermaxillary hook placed in a minimum length of time. This 
hook has the advantage of being movable on the arch if it is ever necessary, 
without removing the arch wire from the patient’s mouth. 

After the hooks have been crimped into place, the operator places a tie- 
back loop mesial to the right molar tube and then bends the set-outs for the 
canines, premolars, and molars. 

The use of a good porcelain oven with an accurate pyrometer is recom- 
mended for the heat treatment of arch wires. The accepted temperature is 
850 degrees and the time is 3144 minutes. This should be followed with 30 
seconds’ immersion in the electrolytic passivator in order to produce a bright 
polished surface. 

One very simple method that I have found for the closing of spaces in 
extraction cases is to use 0.021 by 0.028 inch chrome sections. A tieback loop 
is crimped into the wire anterior to the molar tube. This section is now fitted, 
measured, and marked in the mouth. It extends to the distal of the lateral 
incisor. A section of coil spring approximately 14 em. in length is slipped 
over the free end. Then the anterior end is heated and a tiny loop is made 
with a pair of No. 139 pliers to prevent the coil spring from sliding forward. 
The wire is heat-treated, then passivated (polished) and tied in the mouth. 
The coil spring lies between the canine bracket and the rounded end of the 
sectional arch -wire. The spring is activated by using a tieback ligature 
around the tube and compressing the spring. This method prevents the tip- 
ping of the teeth toward the space in closing cases. 

It has been my experience since using a complete chrome alloy hookup 
(bands, brackets, hooks, tubes, and arch wires) that there has been no evi- 
dence of corrosion or breaking down of the arch wire within the tubes or in 
contact with the brackets. 

Unfortunately, corrosion has occurred in the past when I used only the 
chrome alloy arch wire with precious metal brackets and tubes. Again, this 
is one more benefit to be derived from the use of an all-chrome assembly. The 
doctor’s precious chair time is not wasted in repairing or replacing broken arch 
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There has been a rapid increase in population in the United States since the 
end of World War II. In 1951 almost four million babies were born. Many 
families are having four children rather than two. 

What does all this mean? It simply means that the orthodontist is going 
to be called upon to perform miracles. In a few years there will be a great 
increase in the demand for orthodontic treatment. 

Unless the orthodontics profession is equipped to take care of the great 
demand that will be upon us, we shall be guilty of negligence while on duty— 
a erime punishable by court martial in the Armed Services. 

Nature has provided few professions with such a bountiful and continued 
market as the orthodontist has for his services. Let us eontinue to serve by 
doing the greatest good for the greatest number. 

Unless we do increase our “patient load,” I fear for the future of ortho- 
donties. There is always that awesome “imponderable of the public conscience.” 
If we do not arrange to care for the greatly increasing demands for orthodontic 
eare, then the G.A.P. (Great American Public) will find a means to provide it 
for their children. 

This method probably will be by encouraging men of less ability and train- 
ing to practice orthodonties. 

Let us not kill the goose that laid the golden egg. Rather let us keep the 
people happy by providing more and better orthodontic service with chrome 
alloy. 

To me, this is going to be a challenge. I intend to do something about it. 
Remember, orthodontists have never had it so good. I propose not to lower my 
standards of treatment, but rather to improve them. I am trying to produce 
more by making my office more efficient. One of the most effective ways this 
can be done is by eliminating wastes of precious time at the chair. 

With the use of chrome alloy exclusively in my office, I have been able to 
save valuable chair time, as well as reduce the physical fatigue of a large 
practice. 

There is a bright chrome future ahead. Let’s make the most of it. 
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STONE AGE MAN’S DENTITION 


With REFERENCE TO ANATOMICALLY CORRECT OCCLUSION, THE ETIOLOGY 
oF MALOCCLUSION, AND A TECHNIQUE FoR Its TREATMENT 


P. R. Brac, D.D.Sc.( L.D.S.(Vic.), B.D.Sc.(MELB.), 
ADELAIDE, SoUTH AUSTRALIA 


(Continued from the May issue, page 373.) 


TOOTH IRREGULARITY AND MALOCCLUSION DUE TO DISHARMONIES 
OF TOOTH SIZE AND BONE SIZE 


The radiographic caphalometric work done by Broadbent in 1935* and by 
A. Brodie in 1940° shows that growth patterns, determined as early as the 
third month after birth, continue on the same path of growth throughout 
life, whether the jaws are developing malocclusion or whether they are devel- 
oping to textbook normal occlusion standards. Their work has shown the 
early laying down of patterns of bone growth, whether anatomically correct 
or not. 

However, it seems that no exhaustive quantitative investigations on hered- 
itary variations of tooth size and shape, their times of eruption, positions in 
the jaws, and so on, have been presented in order to determine whether or not 
such tooth variations play a part comparable with variations in jaw size and 
shape in the production of tooth irregularity and malocclusion. The trend 
has been to study variations in jaw size, shape, and development and to ignore 
corresponding orthodontic studies of the teeth. 

In recent orthodontic literature, when discrepancies between jaw size 
and tooth size are considered in connection with the production of tooth 
crowding and malocclusion, attention seems to be focused only on variations in 
jaw size, as if jaw size were the only variable and tooth size were the con- 
stant. This is just as bad a mistake as to regard tooth size as the only variable 
and jaw size as the constant. Tooth size and jaw size are separate entities, 
and both are variables in this problem of the production of malocclusion. 

What may appear to be a very small variation of tooth size, and there- 
fore of no consequence, is found after investigation to be significant. For 
example, if two brothers have the same sized jaws, the brother having the 
upper central incisor greater than his brother’s, by only 1 mm., will require 
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about 16 mm. more tooth accommodation space in his jaw. It will be the 
larger-toothed brother who develops malocclusion. 

In order to gain some information on whether variation in tooth size 
plays a significant part in the production of irregularity and malocclusion of 
the teeth, the mesiodistal widths of the upper permanent central and lateral 
incisors of 156 children were measured from plaster casts with a Boley gauge 
with specially thinned-down measuring beaks. The material was unselected 
and comprised my orthodontic patients and all their available parents, brothers, 
and sisters. The measurements were finished in 1934. Individuals with 
labioclination of the incisors were not measured, as the crowns of their teeth 
were so far labially off the ridges that they were neither crowded nor in regular 
alignment in their correct positions in the jaws. A copy of these individual 
tooth measurements, methods of measurement, details of statistical treatment 
and analysis, and of the other measurements quoted in this article have been 
lodged in the Barr Smith Library of the University of Adelaide since July, 
1935. 

Of the 156 individuals examined, 110 had crowding of the four upper 
permanent incisors and 46 had these teeth in regular alignment. The mean 
total width of the upper right and left permanent central and lateral incisors, 
for the 110 children with these teeth crowded, was 30.907 mm. The correspond- 
ing mean width for the 46 children without tooth crowding was 29.326 mm. 
The difference between these means is 1.581 mm. 

Other analyses of this material treated the sexes separately and in these 
similar results were obtained. 

These measurements were later analyzed by Dr. E. A. Cornish, Chief 
Statistician of the Commonwealth Scientific and Industrial Research Organiza- 
tion of the Federal Government of Australia, and were found by him to be 
statistically significant. 

I also took similar measurements on all the skulls of Australian aboriginals 
in the South Australian Museum which were in a sufficiently good state of 
preservation for taking reliable measurements. All these skulls were of in- 
dividuals whose teeth were unaffected by white man’s influence and all but 
a few had died before white man came to Australia. Only fifty-two skulls 
were sufficiently well preserved for taking these tooth measurements. These 
measurements were made only on young skulls in which no discernible inter- 
proximal attrition had occurred, or in older skulls in which interproximal 
wear could be seen but was extremely slight. In a few skulls, post-mortem 
loss of a tooth was allowed for by crediting this lost tooth with a width equal 
to the corresponding tooth of the opposite side. The amount of space mesio- 
distally occupied by a missing tooth was determined by measurement. 

For all the skulls it was determined whether or not there was tooth crowd- 
ing by recording the degree of tooth rotation, displacement, overlapping, and 
inclination, and then by comparing the space occupied by these crowded teeth 
with the space on the ridge necessary for them to be in regular alignment. 
The shortcomings of this method are obvious, but there was no alternative. 
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It was found that the value of the analyses was impaired if measurements 
of teeth with more than the previously mentioned amount of attrition were 
included. 

Fifty-two Australian aboriginal skulls were used for the tooth measure- 
ments. In many of these it was found impossible to measure accurately the 
degree of ‘‘crowding’’ with ligature wire in the way used on the casts of the 
orthodontic patients just mentioned, as there was often post-mortem cleavage 
of the median palatine suture which could not be reduced without damaging 
the specimens. Therefore, in a number of skulls the degree of crowding was 
dependent on visual judgment alone. 

Of the fifty-two Australian aboriginal skulls examined, thirty-one were 
free from crowding of the four upper permanent incisors and twenty-one had 
these teeth in regular alignment. 

Mean of total maximum mesiodistal widths of the 

four upper permanent incisors for thirty-one Aus- 

tralian aboriginal skulls free from crowding. 

Corresponding mean for the twenty-one skulls with ee 

tooth crowding. 

Therefore, the mean for the twenty-one individuals with tooth crowding 
is 2,252 mm. greater than for the thirty-one with these incisors in regular 
alignment. Even after allowing for the larger size of aboriginal teeth, com- 
pared with whites, this difference between the means is significantly greater 
than was found for whites. 

The measurements on the patients were treated even further than those 
on the aboriginals and, briefly, it was found to be statistically significant that 
among the group with crowding, those with the largest teeth had the greater 
degree of crowding; among those without malocclusion, the group with the 
smallest teeth were more likely to have tooth spacing; and the upper lateral 
incisors were much more variable in size than the central incisors. 

For a long time in orthodontic circles there was widespread reluctance even 
to consider that malocclusions could be due to inherited variability of jaw 
size until this was established by radiographic studies. 

The focusing of attention on these jaw radiographs has resulted in neglect 
of consideration whether inherited tooth size is involved. Tooth size varia- 
tion has been taken for granted as being of such small dimensions as to exert 
no influence on the production of malocclusion. 

Inherited small jaw size has been made to take full blame, but it is hoped 
that my measurements of the mesiodistal widths of the four upper permanent 
incisors help to present the problem in its true perspective. 

Measurements I am now undertaking so far indicate that jaw size is only 
slightly more variable than the sum of the mesiodistal widths of all the perma- 
nent teeth, and also that there is such a relatively low positive correlation be- 
tween jaw size and tooth size that their independent inheritance is indicated, 
although so far there appears to be some genetic linkage. 

As the total mesiodistal size of the four upper incisors is positively cor- 
related to the sizes of the rest of the teeth, there is sufficient evidence from 
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the preceding measurements to show that tooth crowding, which forms the 
main mass of malocclusions, is produced by the working together of two sep- 
arate but almost equally variable entities, namely,-tooth size and jaw size. 

Perhaps this will not be so surprising when we remember how much tooth 
substanee Stone Age man inherited (and we still inherit) so that the tooth 
substance remaining after attrition would be sufficient to fill, without tooth 
crowding, the tooth-bearing parts of the jaws. 


Fig. 8. 


Fig. 9. 
Fig. 8.—Class I malocclusion in young Australian aborigine. 
Fig. + ae 9.—Class I malocclusion in young Australian aborigine (same individual as in 
Very often tooth crowding is not due to evolutionary smallness of the 
jaws but to largeness of the teeth. 
All types of dentofacial anomaly and malocclusion found in civilized man 
were found in the skulls of these prewhite Stone Age Australian aboriginal 
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skulls (Figs. 8, 9, 10, and 11). Orthodontic literature implies that, although 
malocclusion of the teeth with its associated dentofacial anomalies is present 
in rare instances in primitive man, it has become widespread only in civilized 
man and is, in the main, a product of civilization. Also, it is accepted that 
these dentofacial anomalies always detrimentally affect the function and 
health of the dental apparatus. 

The collection of prewhite Australian aboriginal skulls at the South 
Australian Museum does not support these conjectures. On the contrary, we 
find that the incidence of malocclusion in these skulls differs from that of 
civilized man chiefly to the extent that Stone Age man’s tooth attrition has 
eliminated the milder forms of malocclusion. 


Fig. 10.—Class II, Division 1 malocclusion in Australian aborigine. 


In Stone Age man, Class I malocclusion, whether it be the tooth crowding 
commonly present in the anterior teeth or bimaxillary protrusion or bucco- 
lingual malocelusion (cross-bite) of the posterior teeth, seems to have been 
an almost negligible handicap to him because the teeth soon wore away so 
much that the cusps were eliminated and the flat tooth surfaces that were then 
left did not restrict mandibular masticatory excursions. 

Even in the most pronounced cases of upper incisor protrusion in Class LI, 
Division 1 cases, the upper and lower incisors were very markedly worn in- 
cisally. This indicates that the wide lateral and protrusive mandibular ex- 
cursions permitted the upper and lower incisors to engage each other in mas- 
ticatory function. There was no evidence of pyorrhea or dental caries being 
caused by Class I and Class II, Division 1 malocclusions. 

It therefore seems that these two types of malocclusion are more harm- 
ful to civilized man than to his Stone Age ancestors. 


This faces us with the need to review what we mean by malocclusion. 
Although the occlusal relationships of the teeth in Stone Age man are anatomi- 
cally incorrect when they are crowded, overlapping, and rotated and when 
Class II, Division 1 is present, nevertheless, the teeth are not in malocclusion. 
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The teeth in these cases, being worn flat occlusally, are in far less malocclusion 
than in a case of ideal textbook normal occlusion in civilized man when there 
is no appreciable tooth wear. 

On the other hand, Class II, Division 2, and Class III maloeclusions were 
far more serious afflictions functionally for Stone Age man than for civilized 
man. In Stone Age man, the incisor overbite in Class I], Division 2, resulted 
in extensive attrition of the labial surfaces of the lower incisors and of the 
lingual surfaces of the upper incisors so that, sometimes even in adolescence, 
the pulps of these teeth became exposed. Also, in some Class III Gases, the 
labial surfaces of the upper incisors wore away so much as to cause pulp 
exposure. Lateral mandibular masticatory movement in Stone Age man was 
also restricted to very narrow limits in Class III, Division 2, and Class III 
malocelusions. 

From the evolutionary standpoint, the low incidence of Class II, Division 
2, and Class III malocelusions in Stone Age man is due to their low survival 
value. But Class I, and Class II, Division 1, being relatively harmless, are 
quite common. 


Fig. 11.—Class III malocclusion in an Australian aborigine. 


In civilized man, all types of malocclusion are detrimental in several re- 
spects. They render the dental apparatus more prone to pyorrhea and dental 
caries and, because of our sense of esthetics, they are psychologically detri- 
mental. However, as our food is so refined, concentrated, and predigested, 
the amount of harm done by malocelusion, by restricting our masticatory fune- 
tion, seems to have been exaggerated. 

In about 800 skulls in which determinations could be made, 12 per cent 
showed Class II, Division 1 malocelusion; 3 per cent showed Class LIT; and 
1 per cent showed Class II, Division 2 malocclusion. 

The many environmental influences usually enumerated do not appear to 
have been responsible for the crowding nor for the anteroposterior jaw mal- 
relationships in these Stone Age skulls. Not one example of premature loss 
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of deciduous teeth was observed in the very young skulls and those with mixed 
dentition. Nor was there evidence of insufficient growth stimulus through 
usage. The extent of tooth attrition indicates jaw use far greater than that 
of civilized man. 

In 1929 I measured the anteroposterior jaw relations of 200 unselected 
children at birth with a cranial radiometer at the Queen Victoria Maternity 
Hospital. Thirty-four of these children were again similarly measured at be- 
tween the ages of 3 and 314 years. No more than these thirty-four children, 
out of the original 200, could be traced for this second investigation. 

In the 200 newborn children, measurements were taken (a) from the 
transmeatal axis to the point in the median line of the upper jaw which cor- 
responds to the prostheon in older individuals, and (b) from the transmeatal 
axis to the point in the median line of the lower jaw which corresponds to the 
incision. 

It was found that, when measurement a was 7 mm. or more greater than 
measurement b, nine of these twelve children showed Class II malocclusion at 
between 3 and 314 years of age, and three of them showed normal relation- 
ships. 

One baby, with measurement a of 74.5 mm. and measurement b of 77.5 mm. 
at birth, had Class III jaw relationships at 314 years. Her deciduous lower 
molars were in mesioclusion and her upper incisors in linguoclusion. 

When the difference between measurements a and b was less than 7 mm. 
at birth, the jaws in the other twenty-two cases examined were as follows: 
There were eighteen children with correct anteroposterior jaw relationships, 
three children with Class II malocclusion, and one child with Class III mal- 
occlusion. 

From the preceding, it appears that heredity, rather than environment, is 
responsible for anteroposterior occlusal anomalies. 

Although my observations show that the Class II anteroposterior jaw rela- 
tions observed at birth are those which persist in the deciduous dentition, Broad- 
bent’s and Brodie’s subsequent more elaborate cephalometric studies are valu- 
able in that they throw light on a later stage of development—from the third 
month onward. 

To recapitulate briefly, all this life history of the deciduous and permanent 
dentitions in Stone Age man shows it to be identical with what happens in most 
other mammals. 

Relative to jawbone size, excess tooth substance is inherited, both occlu- 
sally and interproximally; then continual occlusal and interproximal attrition 
takes place as the teeth migrate continually, both occlusally and interproximally, 
to maintain tooth contact. Dental arch length is thereby continually diminished. 

It is a normal physiologic process in which there is an over-all continual, 
but ever-changing, integration and harmonization of tooth size with jaw size, 
tooth migration, repositioning of teeth, changing relationships of teeth and 
jaws. The sum total provides a successfully functioning dental apparatus. 

In all this we see how nature has provided for the balance between tooth 
size and jaw size by maintaining correct tooth and interarch relationships. 
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On the contrary, in civilized man the food does not cause occlusal and interproxi- 
mal attrition, so that the previously indispensable processes of continual vertical 
tooth eruption and mesial migration, although still operating, are frustrated and 
distorted. 

The basic factors for their correct operation are not present. Therefore, 
the harmonious sequence of events does not occur. Failure of continual arch 
reduction therefore causes misplaced teeth, ill-formed dental arches, and mal- 
occlusion. The fundamental process of tooth migration is present but, without 
tooth wear, it must result in malocclusion, except in those individuals who in- 
herit less tooth substance than is basically correct for man. This nonattritional 
textbook normal occlusion is not the correct evolutionary pattern of occlusion 
for man. 

THE EXTRACTION OF TEETH FOR ORTHODONTIC PURPOSES 

The foregoing comparison of the occlusion of the teeth of Stone Age man 
with that of civilized man has presented sufficient evidence that orthodontic 
extraction of teeth of the second set is not empirical expediency, but a rational 
procedure with a sound etiological basis, as it simulates the extensive mesio- 
distal attritional reduction of tooth substance in Stone Age man. 

For the purpose of indicating how many teeth should be extracted prior 
to orthodontic treatment, we might roughly divide the cases of tooth irregu- 
larity, crowding, and ‘‘double protrusion’’ due to a preponderance of tooth 
substance over bone substance into two main groups. 

The first group comprises cases having no greater preponderance of tooth 
substance than would develop the previously described correct occlusion on 
a Stone Age diet; that is, no more excess of tooth substance than would be 
eliminated by attrition in Stone Age man. 

The second group comprises cases having such a great preponderance of 
tooth substance that pronounced tooth crowding, overlapping, and ‘‘double 
protrusion’’ would develop even if there were extensive tooth attrition which 
Stone Age man’s diet produces. This second group is not uncommon in both 
Stone Age and civilized man. 

Some Group 1 eases have such a mild degree of tooth crowding that slight 
orthodontic arch expansion without tooth extraction may produce stable 
results. Most Group 1 cases, however, require extraction of the four first 
premolars before starting orthodontic treatment. 

As there is no fixed ratio between tooth size and the hereditary amount 
of available space for the teeth in the jaws, it is impossible to draw a precise 
line of demareation between Group 1 and Group 2 cases before commencing 
orthodontic treatment. 

There is not complete harmony and synchronization of growth, develop- 
ment, and times of eruption of teeth with the development and increase in size 
of the jaws. For example, crowding of the anterior teeth may be found in 
jaws with more than sufficient space posteriorly for exuption of the third 
molars. Such cases may be due to hereditarily early tooth eruption or late 
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jaw development, rather than to size discrepancy of tooth and bone. Again, 
sometimes all the teeth may be in textbook normal occlusion except that the 
third molars are impacted. 

In most cases of the second group, there is no difficulty in deciding that 
the four first premolars should be extracted. However, when the preponder- 
ance of tooth size over jaw size is great, the removal of only the four first 
premolars prior to orthodontic treatment is quite insufficient. 

It is often found that when only the four first premolars are extracted in 
such cases, relapse after orthodontic treatment is inevitable, regardless of the 
degree of perfection of tooth occlusion attained. When these extreme cases 
present for orthodontic advice at an early age, I have the four sixth year molars 
extracted immediately, even if the upper and lower permanent central incisors 
have just erupted. The main active treatment may then be deferred until 
after eruption of all the second teeth except the third molars. The four first 
premolars are then extracted prior to active orthodontic treatment. In those 
eases of extreme preponderance of tooth substance which do not present 
earlier in life for orthodontic advice, eight teeth (the four first premolars and 
the four sixth year molars) are extracted, often just before orthodontic treat- 
ment is commenced. However, sometimes the twelfth year molars are allowed 
to migrate considerably into the sixth year molar extraction spaces before 
commencing active treatment. These eight teeth are not extracted in the 
milder Group 2 cases, but only in those unfortunately far from rare cases of 
extreme crowding. 

This procedure of extracting eight permanent teeth is not so radical as 
it may seem. When only the four first premolars are extracted, orthodontists 
often find that after orthodontic treatment there is insufficient space poste- 
riorly in the jaws for the four third molars to erupt, so that they therefore 
become impacted. Then the wisdom teeth have to be removed years after 
orthodontic treatment is finished, but before their removal the case may 
relapse. In the extreme cases under consideration a far greater stability of 
final result by orthodontic treatment is obtained with prior extraction of these 
eight teeth than can be obtained by extraction of only the four first premolars 
prior to treatment, and then the four third molars after treatment, for the 
following reason : 

The extraction of the four sixth year molars permits the four twelfth year 
molars to be brought forward orthodontically or permits them to erupt fur- 
ther forward in vertically good positions when the sixth year molars are 
extracted early in life. 

Therefore, these twelfth year molars, being further mesially in the jaws, 
are more in conformity with their true anatomic positions. 

When it is remembered that the correct anatomic positions of the twelfth 
year molars are, because of mesial migration and interproximal attrition, much 
further mesially than in textbook normal occlusion, it may be more clearly 
understood why the extraction of the previously mentioned eight teeth prior 
to orthodontic treatment gives far more stable results. This also explains 
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why, in these extreme cases, the posterior teeth migrate mesially after ortho- 
dontic treatment and cause a relapse, if only the four first premolars are 
removed. 

B. L. Herzberg’ states, ‘‘In the step just described there is no question 
that the posterior teeth move forward and that is usually what is desired. 
When, however, all of the extraction space is needed and even that may not 
be adequate, then our techniques are usually found wanting and our ingenuity 
is taxed to the utmost. 

‘To the degree that the posterior teeth can be kept from coming forward, 
will our results reflect the finest in orthodontie efforts.’’ 

Herzberg is, of course, referring to those cases where I would have eight 
teeth extracted. 

When the eight teeth are extracted in these cases, we have a new lease on 
orthodontic life. After extracting eight teeth, we may state that, to the de- 
gree that the posterior teeth can be made to come forward, our results 
reflect the finest in orthodontic efforts. 

It also must be remembered that the teeth are always migrating further 
and further mesially in Stone Age man, as they are permitted to do so by in- 
terproximal attrition, and that the teeth are still trying (and partly succeed- 
ing) to move mesially continually to their anatomically correct positions, even 
when there is no interpromixal attrition. 

With few exceptions, all cases of extreme tooth crowding in the anterior 
part of the mouth which would also have impactions of the third molars after 
orthodontic treatment, even if the four first premolars are removed prior to 
treatment, seem to me to require extraction of the previously mentioned eight 
teeth in conjunction with orthodontic treatment. The exceptions are where 
only mild third molar impactions would result, and in these cases subsequent 
third molar extraction is required. 

If, in these extreme cases, only the four sixth year molars are extracted, 
such stable results are not obtained as when the eight teeth are extracted 
because the space obtained by removing only the four sixth year molars is too 
far away from the incisor region where there is the greatest degree of crowd- 
ing, and also because the jaws still may not be large enough for the twenty- 
eight remaining teeth. (In some slightly milder cases, I have experimented by 
removing only the sixth year molars prior to treatment, but usually the four 
first premolars have to be extracted later and further active treatment under- 
taken.) 

Because of the many unknown genetic factors involved, there is at pres- 
ent no known way of accurately predetermining (such as by measuring with 
scientific instruments) what the total tooth size will be, relative to adult jaw 
size for each individual. 

However, observations on the development of Stone Age man’s occlusion, 
clinical experience, and examination of other members of a patient’s family 
all help us to assess how large the jaws will be, relative to the teeth. 
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The basic principle to be observed in determining when and how many 
teeth should be extracted is to endeavor to assess the ultimate or adult size 
of the tooth-bearing parts of the jaws relative to the total] mesiodistal length 
of the full complement of teeth. 


Fig. 13. 


Fig. 12.—Lower jaw of young Australian aborigine. 

Fig. 13.—Lower jaw of Australian aborigine showing that through attrition the labiolin- 
gual diameters of the lower incisors have become greater than the mesiodistal. Compare with 
relatively little worn incisors in Fig. 12. This indicates the significant reduction in length of 
the dental arch, brought about by attrition of the teeth. 


Tooth extraction as an aid to orthodontic treatment is scientifically cor- 
rect because (1) it simulates the natural loss of tooth substance by attrition, 
which in Stone Age man very often made possible the development of anatomi- 
eally correct occlusion; (2) the inherited amount of tooth substance is some- 
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times too much, even with marked attrition; (3) anteroposterior jaw mal- 
relationships sometimes are so pronounced that a stable and good occlusion is 
unattainable without tooth extraction, even in such eases where there is 
quantitative harmony of tooth substance with jaw size. 

Tooth extraction to aid orthodontic treatment does not entirely simulate 
attrition because, with attrition, each individual tooth throughout life is be- 
ing continually reduced in size and the teeth gradually migrate mesially and 
maintain contact, thus continually reducing the size of the dental arch and 
allowing each tooth to assume its correct position in the jaw for any particu- 
lar age of the individual (Figs. 12 and 13). 

On the other hand, tooth extraction brings about dental arch reduction 
suddenly and at fixed intermittent points in the jaws. 

Therefore, it is impossible for orthodontic treatment involving tooth ex- 
traction to cause the teeth to be continually changing their position in the 
jaws as they should throughout life, and as they are permitted to do by attri- 
tion in Stone Age man (Fig. 14). 

For esthetic reasons we cannot more closely simulate attritional tooth 
reduction by extracting lateral incisors. Therefore, the segment of the six 
anterior teeth, as it is not continually undergoing attritional reduction mesio- 
distally, is unstable and often likely to relapse to some extent after orthodontic 
treatment. 


Fig. 14.—Lower jaw of Australian aborigine showing “cclusal attrition reaching the root 
bifurcation of the first permanent molar. There is extensiv. mesial migration of all the. teeth. 
The incisor loss is post-mortem. The mesial root of the first permanent molar is as far for- 
ward as the mental foramen. 


Relapse is more likely if, after tooth extraction from the buecal segments, 
six very large anterior teeth in very small jaws are moved back, as well as 
distally around the curve of the arch. These six large teeth are made to 
occupy more than their fair share of the tooth-bearing parts of the jaws, but 
we have no alternative but to move them back. In such cases the canines are 
back in jaw positions which might strictly belong to the second premolars. 
Nature’s tolerance of error is responsible for so many of these cases remain- 
ing stable after treatment. 
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Perhaps the anatomically abnormal persistence throughout life of the 
incisor overbite in civilized man (that is, the failure of development in adoles- 
cence of the anatomically correct attritional edge-to-edge bite) accounts for 
some orthodontic relapses. 

It is no wonder that the practice of first extracting the third molars, then 
moving the buccal teeth distally, and then the anterior teeth lingually back 
on the alveolar ridges frequently results in relapse. This practice, instead of 
allowing for mesial migration of the teeth, is an attempt to defy this irresisti- 
ble process and to put it into reverse. 

The phenomenon sometimes observed of naturally developed textbook 
normal occlusion developing crowding and overlapping of the incisors later 
in life apparently is due to several factors: the retention into adulthood of 
the overbite of the incisors, continual mesial tooth migration, and continual 
vertical tooth eruption. This vertical eruption, which of course is allowed by 
the overbite to proceed faster than it would if the edge-to-edge bite had devel- 
oped, leaves less of the tooth roots anchored in the bone. Therefore, rela- 
tively light stresses may displace these incisors. 

Tooth extraction is necessary in those cases with no excess of tooth sub- 
stance but in which the lower jaw is so far distal, relative to the upper jaw, 
that the lower anterior teeth cannot, without forward tipping, be moved far 
enough forward, nor the upper anteriors far enough back so that they will 
oeclude. 

In these extreme cases of anteroposterior jaw malrelationships the upper 
and lower first premolars are extracted, and the upper anterior teeth are 
moved bodily back further than their anatomically correct positions in the 
jaw, but are not allowed to tip back to positions of linguoclination. 

It seems that never is stationary anchorage to prevent tooth tipping more 
useful than in this type of case, especially in the mandible. The lower poste- 
rior teeth, posterior to the extraction spaces, are moved bodily forward in the 
mandible at the same time as the upper anterior teeth, anterior to the extrac- 
tion spaces, are moved bodily back in the maxilla, all this by the same Class II 
intermaxillary elastics. In this way the extraction spaces are closed by the 
same elastic force that brings the teeth into the desired occlusion. However, 
completion of closure of these extraction spaces may require further means to 
aid the intermaxillary elastics if all these extraction spaces are not fully 
closed by the time that the teeth are brought into correct cuspal relationships. 

What actually happens in this treatment is that, by bringing the teeth 
into good occlusion, we mask an anteroposterior malrelationship of the maxilla 
to the mandible, but this jaw malrelationship still persists after orthodontic 
treatment. 

If an attempt is made in these cases to move the full complement of the 
lower teeth bodily forward and the full complement of the upper teeth bodily 
back into textbook occlusion, the lower teeth cannot be made to move far 
enough forward without coming too far forward in the bone. Also, the upper 
teeth cannot be moved bodily far enough back in the bone, even with cervical 
anchorage, and, if they could be moved back, the upper third molars would be 
impacted, 
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There is a more complicated type of Class II malocclusion than the fore- 
going which requires tooth removal and for two reasons. The cases referred 
to are those in which there is tooth crowding and also extreme anteroposterior 
discrepancy of jaw relationships. 

One reason for tooth extraction in these complicated cases is excess of 
tooth substance, and to overcome this, the four first premolars are removed. 

The other reason for tooth extraction in these cases is very marked an- 
teroposterior jaw malrelationships. To overcome this latter problem the 
upper sixth year molars are extracted, so that in these cases six teeth are ex- 
tracted. Then, when active treatment is finished, the upper twelfth year 
molars occlude with the lower sixth year molars, and the upper third molars 
occlude with the lower twelfth year molars. 

After treatment, the lower third molars are extracted, as they have no 
antagonists in the upper jaw. 

It is a lesser evil to have wrong molars in occlusion with slight cuspal 
malrelations than to have protrusion when treatment is finished. Again, in 
some Class II cases, the tooth-bone malrelationship is so marked that eight 
teeth are removed. 

From the standpoint of orthodontic stability and function, the importance 
of orthodontically attaining textbook ideal occlusal relations of the teeth has 
been overstressed, although it is an ideal for which we should strive. 

The attaining of exact textbook ideal cuspal locking is often of no value 
whatever as a means of successful retention after orthodontic treatment if the 
other considerations, which comprise the major part of this article, are 
neglected. 

The retention of cusps is, in any case, anatomically incorrect, so that it is 
impossible to have really anatomically correct cusp locking. 

However, as teeth are unworn in civilized man, we have no alternative but 
to place the teeth, both in their occlusal relations and as regards the angles of 
their long axes, as far as possible according to textbook normal occlusion be- 
cause they are the best attainable positions, esthetically, functionally, and from 
the standpoint of resistance to pyorrhea and caries. However, this correct 
eusp locking is not a very good locking because blunt, rounded tooth cusps 
cannot properly fit into steep acute-angled grooves, pits, and fissures. Fur- 
thermore, these unworn cusps show plainly by their anatomy that they did 
not evolve to be locking and to fit accurately in textbook normal occlusion 
throughout life. 

Generally speaking, textbook ideal occlusion has been implicity endowed 
with attributes in excess of reality. 


(This article will be concluded in the next issue of the Journal. References 
will appear at the end of the article.) 


In Memoriam 


CHARLES R. BROOKS 
1885-1953 


HARLES R. BROOKS died Oct. 17, 1953, after a short illness. Born in 

Windsor, Ontario, he came to the United States and attended the old 
Detroit College of Medicine, receiving his dental degree in 1907. His interest in 
orthodontics led him to specialize in this field and to become a charter member 
of the Great Lakes Society of Orthodontics and a member of the American 
Association of Orthodontics. Dr. Brooks was the first orthodontist in Detroit 
to practice outside the downtown area because he believed he should practice 
where the patients lived; today the idea is widespread. 

An active man in society affairs, he was a Life Member of the American 
Dental Association, Past-President of the Eastern Dental Club, Past-Master of 
Pillar Lodge No. 526, F. and A.M., and Past-Commander of the Ionie Com- 
mandery No. 55, Knights Templar. 

Surviving are his wife, Leta; a son, Dr. C. Roy Brooks, Detroit ortho- 
dontist; a daughter, Mrs. Milton Taper; two sisters, Mrs. Wm. McClellan and 
Mrs. O. R. Toten; and a brother, Russell. 

Dr. Brooks’ friendliness and support of the scientific sessions will be missed 
greatly. 

Scott T. Holmes. 
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Order of Eruption of the Permanent Human Dentition: By E. M. B. Clements, 
E. Davies-Thomas, and Kathleen G. Pickett. Brit. M. J. No. 4825, pp. 
1425-1427, June 27, 1953. 


While the order of eruption of teeth as determined from mean eruption 
times is relatively constant, the times of eruption of individual children may be 
expected to vary greatly in the order in which their teeth erupt. Table 1 pro- 
vides estimates of the 5 per cent and the 95 per cent limits of the ages of erup- 
tion in children examined in the course of the Birmingham Anthropometric 
Survey. The eruption times of each tooth are distributed at random, so that 
the late eruption of a tooth with a relatively early mean eruption time may 
occur after the early eruption of a tooth with a later mean eruption time. 


TABLE I. MEAN ERUPTION TIMES, AND THE 5 AND 95 PER CENT LIMITS OF DISTRIBUTION FOR 
THE TEETH OF BOYS AND GIRLS IN THE RIGHT MAXILLA AND MANDIBLE 


5 TO 95% LIMIT | wean | 5 TO 95% LIMIT 
OF DISTRIBUTION - OF DISTRIBUTION 
UPPER : LOWER MONTHS S.D. UPPER LOWER 


TOOTH 


Mazilla 

9.97 | 100.48 67.69 79.46 7.65 92.01 66.83 

10.10 | 114.74 81.51 93.80 2. 114.13 73.35 
16.39 164.44 110.51 128.07 85 152.43 103.56 
21.90 | 160.88 88.83 | 117.45 6: 141.45 93.30 


21.74 173.87 102.35 2.76 22.06 168.93 96.36 
10.91 | 91.19 55.29 | 25 | 10.75 88.95 53.45 
14.93 | 168.15 119.04 | 137.94 Ali 161.15 114.59 
Mandible 
9.38 88.32 57.48 22 | 1.76 80.29 58.14 
9.71 103.55 71.61 84.17 | 12 100.78 67.47 
126.16 | 14.71 150.28 101.90 112.90 Of 132.57 93.11 
136.20 | 19.74 168.76 103.63 126.33 . 157.00 95.49 
147.87 | 20.83 182.24 113.70 139.62 21. 175.51 103.52 
73.69 10.99 91.71 55.67 70.08 | BC 84.51 55.57 
136.87 14.49 160.61 112.93 | 134.15 3.23 155.85 112.31 
Ii = the central incisor tooth; I: = the lateral incisor tooth; C = the canine tooth; 
Pm: = the first premolar tooth; Pm: — the second premolar tooth; M:i = the first molar tooth; 
M: = the second molar tooth. 
(After Clements, Davies-Thomas, and Pickett.) 


The order of eruption of the I, and M, teeth has been examined in 644 
boys and 633 girls aged 5 to 9 years. In each sex the records were divided 
into a group in which the upper right I, tooth had erupted and one in which 
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it had not. The same was done with the lower teeth. Each of these classes 
was then divided into a subgroup in which the M, tooth had erupted and an- 
other in which it was still unerupted. One or the other of the two upper teeth 
was seen alone on 149 occasions in boys and 121 oceasions in girls; the cor- 
responding figures for the lower jaw were 102 occasions in boys and 83 oc¢a- 
sions in girls; upper I, occurred alone seven times in boys and eight times in 
girls; lower I, was seen alone 55 times in boys and 45 times in girls; upper M, 
was seen alone 142 times in boys and 113 times in girls; lower M, was seen 
alone 47 times in boys and 38 times in girls. These proportions are similar for 
both sexes (x* = 0.46 and 0.02 [1 d.f.], respectively). 

The present observations substantiate what is already well known—that 
there is considerable variation in the order in which human teeth erupt—and 
extend this knowledge by providing estimates of the frequencies with which 
different patterns of eruption may occur in British children. 

The most frequent order of eruption of the upper and lower I, and M, 
teeth, and the upper and lower C, Pm,, Pm., and M, teeth in both sexes is the 
same as that given by the mean eruption times. These are: the M;,; I,, and the 
Pm,, C, Pm., M, teeth in the maxilla; the I,, M,, and the C, Pm,, M. teeth in 
the mandible. 

The mean time of eruption of the upper I, tooth is later than that of the 
upper M, tooth by eleven months in boys and eight months in girls, and this 
implies that the distributions of these teeth will overlap only slightly. On the 
other hand, the mean eruption times of the lower I, and M, teeth hardly differ 
in either sex, and thus the distribution of these teeth will almost coincide. The 
upper right I, tooth was seen to erupt before the corresponding M, tooth 5.6 
per cent of the time, and the lower I, tooth 54.0 per cent of the time. On this 
assumption, I, erupts first in 4.0 per cent and 54.8 per cent of all cases in the 
maxilla and mandible, respectively. 

Erupted Pm,, Pm., and M,. teeth were observed without an erupted C 
tooth twenty-seven times, or on about 10 per cent of occasions, in the right side 
of the maxilla, and three times, or on about 1 per cent of occasions, in the right 
side of the mandible. On the assumption that the order of eruption of teeth on 
the right side is independent of that on the left, both sides will show these three 
teeth to be erupted on about 1 per cent and 0.1 per cent of occasions in the 
maxilla and mandible, respectively. This condition was observed, however, 
thirteen times in the maxilla and once in the mandible. These observations 
are not in accord with the estimated frequencies, and indicate that the eruption 
times of corresponding right and left teeth are correlated. 

All possible combinations of the orders of eruption of the C, Pm,, Pm., and 
M. teeth actually occur in the Birmingham records. The frequency with which 
departures occur from the assumed normal order of appearance of the teeth, 
as given by the mean times of their eruption, implies that the times of eruption 
of these four teeth are independent of each other. 

It is apparent that many instances of abnormal orders of eruption of teeth 
which are encountered in the field of orthodontics simply represent extremes of 
the normal variation; the only sense in which they are abnormal is that they 
are infrequent. 

The most frequent order of eruption was found to be the M, tooth followed 
by the I, tooth, and the Pm, tooth followed in succession by the C, Pm2, and 
M, teeth in the maxilla; and the I, tooth followed by the M, tooth and the C, 
Pm;, M;, and Pm, teeth, in that order, in the mandible. 

The analysis indicates that the times of eruption of teeth with similar 
mean eruption times on the same side are independent of each other, but that 
a eruption times of corresponding teeth on the right and left sides are cor- 
related. 
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Time of Eruption of Permanent Teeth in British Children in 1947-8. By E. 
M. B. Clements, E. Davies-Thomas, and Kathleen G. Pickett. Brit. M. J. 
No. 4825, pp. 1421-4, June 27, 1953. 


This article is based on the analysis of dental observations made during 
the course of the Birmingham Anthropometric Survey on 1,427 boys and 1,365 
girls attending elementary schools. The children, who ranged in age from 
5 to 13 years, were unselected and were drawn from eighty-seven infant, jun- 
ior, and secondary modern schools representing areas of all types in the City 
of Birmingham. 

Examination was made in a good light with a dental mirror and probe. 
Unerupted and extracted teeth were recorded as not present. The number of 
teeth extracted during the period of eruption was very small, and did not affect 
the analysis materially. A tooth was classified as erupted as soon as the gum 
was pierced. 

The Birmingham Anthropometric Survey recorded the occupation of 
either the father or the family’s chief wage earner. Class I comprises the pro- 
fessional, Class II the intermediate, Class III the skilled, Class IV the semi- 
skilled, and Class V the unskilled occupations. The development of puberty 
was assessed and scored on a four-point scale, using a scheme based on the 
classification proposed by Greulich and others in 1942. The age in months was 
recorded from the school records to the month below—that is, the age reached. 
The mean eruption times presented have not been adjusted for this grouping. 

For convenience, the following abbreviations were used in reporting the 
findings: I, for the central incisor tooth; I, for the lateral incisor tooth; C for 
the canine tooth; Pm, for the first premolar tooth; Pm, for the second pre- 
molar tooth; M, for the first molar tooth; and M, for the second molar tooth. 
No erupted third molar tooth was seen. 

The data for the teeth of the right maxilla and mandible have been ex- 
amined in detail, and these form the basis of the various comparisons that have 
been made. The mean eruption times of the teeth in the maxilla and mandible 
are given in Table I for both sexes, with the standard error and the 5 per cent 
and 95 per cent fiducial limits of the mean. The statistics presented in Table 
I are based on a relatively heterogeneous sample. Thus, children from all 
classes of the Registrar-General’s (1931) socioeconomic classifications are in- 
cluded, and in the older age groups adolescents are grouped with children 
who do not yet show external signs of puberty. ‘The data have been examined 
to see if these factors influence the mean eruption times of the teeth. 

A comparision of the mean eruption times of the teeth in the right maxilla 
and mandible of boys and girls is given in Table II. In the maxilla the mean 
eruption time of every tooth, with the exception of the M,, was significantly 
later for the boys than for the girls. In the mandible, the mean eruption times 
of the teeth in boys were significantly later than those of the girls. (The level 
of significance of the difference in the case of the M, tooth is only at the 5 
per cent level of probability.) 

The differences between the mean eruption times for boys and girls are 
given in Table II. It is apparent that the mean eruption times of the teeth in 
the maxilla are later for both sexes, with the following exceptions. In boys 
the lower Pm, and Pm, teeth erupt about eleven and ten months, respectively, 
after the corresponding upper teeth (a difference statistically significant at 
the 1 per cent level of probability). The difference between the upper and 
lower M, teeth was not significant. In girls the lower Pm, and Pm, teeth 
erupt a matter of nine and seven months, respectively, after the upper teeth 
(both differences are statistically significant at the 1 per cent level of prob- 
ability). The difference between the mean eruption times of the upper and 
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TABLE I. MEAN ERUPTION TIMES, STANDARD ERRORS, AND THE 5 PER CENT AND 95 PER CENT 
LIMITS OF THE MEAN, OF THE TEETH IN THE RIGHT MAXILLA AND MANDIBLE 


BOYS GIRLS 
MEAN 5 TO 95% LIMIT MEAN 5 TO 95% LIMIT 
IN OF MEAN IN OF MEAN 
TOOTH | MONTHS S.E UPPER | LOWER MONTHS S.E. UPPER | LOWER 
Mazilla 
I, 84.13 0.71 85.52 82.74 79.46 0.57 80.58 78.34 
I, 98.17 0.74 99.62 96.72 93.80 0.87 95.51 92.09 
Cc 137.56 0.92 139.37 135.75 128.07 0.85 129.73 126.40 
Pm, 124.96 1.12 127.16 122.76 117.45 0.84 119.09 115.80 
Pm, 138.22 1.13 140.43 136.01 132.76 py i 135.04 130.47 
M, 73.29 0.78 74.83 71.76 71.25 0.77 72.76 69.74 
M, 143.67 0.94 145.51 141.84 137.94 0.88 139.66 136.22 
Mandible 

I, 72.96 0.72 74.38 71.54 69.22 0.57 70.35 68.08 
I, 87.63 0.71 89.01 86.25 84.17 0.70 85.55 82.79 
Cc 126.16 0.80 127.72 124.61 112.90 0.74 114.34 111.45 
Pm, 136.20 0.99 138.14 134.26 126.33 0.94 128.18 124.48 
Pm, 147.87 1.17 150.16 145.57 139.62 1.17 141.91 137.33 
M, 73.69 0.79 75.24 72.15 70.08 0.67 71.40 68.77 
M, 136.87 0.84 138.53 135.22 134.15 0.89 135.89 132.40 


(After Clements, Davies-Thomas, and Pickett.) 


TABLE II. DIFFERENCES BETWEEN THE MEAN ERUPTION TIMES, WITH STANDARD ERRORS, OF 
THE TEETH OF BOYS AND GIRLS IN THE RIGHT MAXILLA AND MANDIBLE, AND BETWEEN 
THE MAXILLA AND MANDIBLE IN THE SAME SEX 


RIGHT UPPER JAW |RIGHT LOWER JAW BOYS 7IRLS 
DIFFERENCE DIFFERENCE DIFFERENCE DIFFERENCE 
BETWEEN THE BETWEEN THE BETWEEN THE BETWEEN THE 
MEAN ERUPTION MEAN ERUPTION MEAN ERUPTION MEAN ERUPTION 


TIMES IN MONTHS,|TIMES IN MONTHS,|TIMES IN MONTHS, |TIMES IN MONTHS, 


WITH S.E. WITH S.E., WITH S.E. WITH S.E. 
TOOTH BOYS—GIRLS BOYS—GIRLS UPPER—-LOWER UPPER—LOWER 

I, +4.67+0.91t +3.7440.92 t +11.17+1.01t +10.24+0.81t 
I, +4.37+1.14t +3.4641.00t +10.54+1.03t +9.6341.2t 
Cc +9.4971.25t +13.26+1.09t +11.4041.22t +15.17+1.13t 
Pm, +7.51+1.40t +9.87+1.37 t —11.24+1.49t —8.8841.26t 
Pm, +5.464+1.63 t +8.2541.66t —9.65+1.63 t —6.86+1.65t 

+2.04+1.10 +3.61+1.04t —0.4041.11 +1.17+1.01 
M, +5.7341.29+ +2.72+1,22* +6.80+1.26t +3.7941.28t 


*Probability of less than 5 per cent. 
+Probability of less than 1 per cent. 
(After Clements, Davies-Thomas, and Pickett.) 


lower M, teeth was not significant. The observation also has been made in 
previous surveys that the mean eruption time of the lower Pm, tooth is signifi- 
eantly later than that of the upper for boys and girls, whereas generally the 
teeth in the maxilla are later than those in the mandible. 

The order of eruption of the teeth is the same in boys and girls, but the 
order is different in the maxilla and mandible. The eruption times of the I, 
and M, teeth and the Pm,, Pm., and M, teeth are so similar that sampling vari- 
ation can give rise to a different order of eruption times found in some recent 
surveys. It is apparent that the anticipated variations in the order resulting 
from sampling variations have been found but, apart from this, the order of 
eruption is the same in each survey. 

Although the statistical significance of the differences cannot be assessed 
satisfactorily, comparison of the mean times of eruption of teeth found in this 
survey with those reported by Ainsworth (1925) suggests that today the mean 
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eruption times of teeth are, with the following exceptions, a few months earlier 
in each sex: the upper and lower Pm, teeth in both sexes, the upper and lower 
Pm, teeth in boys, the lower Pm, teeth in girls, all of which are a few months 
later than they were twenty-five years ago. Except in the case of the premolar 
teeth, the mean eruption times found in 1947 and 1948 also tend to be a few 
months earlier than those indicated by the data for English children published 
by James and Pitts in 1912. 

These comparisons suggest that there has been a tendency for the mean 
eruption times of all teeth except the premolars to become earlier in England. 
during the past forty years. The later eruption of the premolar teeth may be 
attributable to a fall in the rate of extraction of the preceding deciduous molar 
teeth, and may be a change toward a more normal time of eruption. The indi- 
cations that mean eruption times of teeth other than the premolars may be 
earlier in children from a better socioeconomic environment (which are pro- 
vided by the present survey and which are supported by the observations made 
by Hellman in 1923 on the incisor teeth) suggest that this trend may reflect a 
progressive improvement in the socioeconomic condition in England. The 
vonclusions Hellman drew from his data were based mainly on the findings for 
the premolar teeth, and differ on this account. 

The likelihood that socioeconomic and general physical status have an 
influence on the time of eruption is given further substance by the observations 
that children who show physical signs of puberty tend to have earlier mean 
eruption times than children who are still prepubertal. 

The mean eruption times of teeth, as determined in the Birmingham Sur- 
vey, appear to be a few months in advance of those found by Leslie in 1951 
for New Zealand children. The mean eruption times of the teeth of Birming- 
ham children tend to be earlier than those of other European children, except 
for the lower premolar teeth, and the differences are slightly greater than they 
are in the New Zealand data reported by Dahlberg and Maunsbach in 1948 
and by Godeny in 1951. These findings suggest that the physical development 
of British children today, insofar as it is reflected in changes in the mean erup- 
tion times of teeth, is slightly in advance of that of other children of European 
stock and those from New Zealand. 

Summary.—The mean times of eruption of human teeth have been com- 
puted from observations on 1,427 boys and 1,365 girls aged 5 to 13 years. 

The mean times of eruption of teeth of children who are of a superior 
socioeconomic group or are pubescent tend to be earlier than those in other 
children. 

The mean times of eruption of the corresponding right and left teeth do 
not differ significantly in either the maxilla or the mandible. 

The mean times of eruption of the teeth of boys are, with the exception of 
the upper M, teeth, later than those of girls. 

The mean times of eruption of teeth in the maxilla are later than those in 
the mandible, except for the Pm, and Pm, teeth, which are earlier, and the 
M, teeth, which do not differ significantly. 

The order of eruption of the teeth determined from mean eruption times 
is the same, within the limits of sampling variation, as that found in other 
stocks of European origin. 


News and Notes 


Pacific Coast Society of Orthodontists 


The Northern component meets the second Tuesday of March, June, September, and 


December. 
The Central component meets the second Tuesday of March, June, September, and 


December. 
The Southern component meets the second Friday of March, June, September, and 


December. 
THE PACIFIC COAST SOCIETY OF ORTHODONTISTS 
(Organized 1913) 
OFFICERS AND COMMITTEES 


A. Frank Heimlich, Santa Barbara, Calif. 
Raymond M. Curtner, San Francisco, Calif. 


Northern Component 

The. regular meeting was held in the Hotel Benson, Portland, Oregon, on March 1, 1954. 

Those present at the meeting were 

Members: Faxon, Barker, Hammond, Rumball, Chapman, Nickells, Walrath, Tucker, 
Miller, Lewis, Riedel, Van Houton, A. W. Moore, Dahl, Craig, Ryan, Kahn, Wm. P. MeGovern, 
Takeno, Gilmore, Bishop, Davis, Stoller, Morrison, Larson, Cline, Fraser, Noyes, Chipman, 
Keenan, McCulloch, Crutcher, Dohner, and MacEwan. 

Associate members: Harrison, MacKinnen, McNair, Roberts, Anderson, Tiedeman, 
DeButts, Dona, Bolton, Despesato, Kemp, William C. McGovern. Guests: Gail C. White, 
Raymond Curtner, Dale Parker, M. A. Matthews, Paul E, Klein, and Richard O, Failor. 


Central. Component 


The joint meeting with the Northern California Society of Oral Surgeons on March 9 
at the Hotel Alexander Hamilton turned out to be a huge success, There were ninety- 
seven members and guests present. The topic discussed was ‘‘The Eruption and Extraction 
of Third Molars, When and Where Indicated.’’ Lyle Bishop, Oral Surgeon of Walnut 
Creek, California, lectured on this topic for the oral surgeons and Ernest Johnson lectured 
on the same topic for the orthodontists. It was gratifying to find both groups very much 
in accord with each other on this subject. Lyle Bishop suggested that orthodontists follow 
up the eruptive process of third molars closely and be sure all patients 16 years of age 
be checked carefully for impacted third molars. Many impactions in orthodontic cases 
are overlooked after the case is completed. He suggested the orthodontist advise the 
parents to have their children’s third molars x-rayed at or before this age. 

Ernest Johnson agreed with this point of view and he is very critical of this phase 
of orthodontics. He showed many slides of patients, where he followed the eruption of 
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third molars from the bud stage, with a series of x-rays. He believes that yoy can detect 


an impaction even in a partially formed crown and that the time to remove the tooth is 


as early as is feasible for the individual problem involved. 


Southern Component 


The regular quarterly meeting was called to order by Chairman Herbert Shannon, 
Friday afternoon, Feb. 26, 1954, in the Nikabob Restaurant. 

The Program Chairman introduced Dr. Harry Sicher, who spoke on ‘‘The Growth of 
the Skull and Face.’’ Dr, Sicher illustrated his most complete and extremely well-pre- 
sented lectures with slides, specimens, and drawings. 

After the social hour and dinner, Dr. Sicher continued his lectures on ‘‘The Growth 
of the Skull and Face.’’ 


At the University of California on February 21 and 22, 160 orthodontists attended 
an ‘‘Orthodontic Workshop’’ as part of the study program of the Division of Orthodontics 
with the theme of ‘‘ Diagnosis and Treatment Planning.’’ 

Under the chairmanship of Richard Railsback, the panel of discussion leaders were: 
C. W. Carey, W. B. Downs, Ernest Johnson, Alton Moore, C. H. Tweed, and Wendell Wylie. 

Papers presented included ‘‘ Measurements from Plaster Models,’’ ‘‘The Frankfort- 
Mandibular Incisor Angle in Orthodontic Diagnosis and Treatment Planning,’’ and ‘‘A 
Survey of Cephalometric Procedures with Emphasis on Assessment of Orthodontic Re- 


sults.’’ 


FLORIDA ORTHODONTIC STUDY GROUFE 
MARCH 8 i954 


Florida Orthodontic Society 


The Florida Orthodontic Society held its sixth annual seminar at Tampa on March 
8, 9, and 10. The seminar was conducted by Dr. Clifford L. Whitman of Hackensack, New 
Jersey, who devoted his time to the ‘‘Correction of Habits Which Influence Malformation 
of the Arches,’’ ‘‘Treatment,’’ and ‘‘Office Management.’’ The seminar was attended 
by thirty-five men, most of whom practice in Florida, but several of our southern states 


were represented by one or more men. 
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NEWS AND NOTES 


J. A. Salzmann Honored in Jerusalem 


Dr. J. A. Salzmann of New York recently appeared before the Israel Orthodontic 
Society in Jerusalem and presented a paper on ‘‘A Critical Appraisal of Modern American 


Methods and Appliances. ’’ 
Dr. Salzmann was made an honorary member of the Israel Orthodontic Society. 


Southern Society Honors Pioneer Orthodontist 


In a recent issue of the News Letter of the Southern Society of Orthodontists, appears 
the following item in regard to the pioneer orthodontist of New Orleans, Dr. Jacob A. 
Gorman. 

In this issue of the NEWS LETTER, we are spotlighting JACOB ALLEN GORMAN 
(Unele Jake) of New Orleans, La. 

Born June, 1875, in Raleigh, N. C. Educated in public schools of Washington, D. C.; 
graduated from Eastern High in Washington. Received D.D.S. from Columbian University, 
now George Washington U., in 1898. Graduated from the third class of Angle School of 
Orthodontia, 1903. 

Married Edith Peake, October 10, 1900. Three daughters: Edith, Bertha, and 
Katherine. 

In general practice 1898-1907 at Asheville, N. C. Moved to New Orleans and limited 
practice to orthodontics until retirement in 1952. 

‘‘Uncle Jake’’ has been most faithful and loyal to his fellow men. Many, many 
hours of his time have been given to the care of orphans and the underprivileged. He is 
often referred to as the ‘‘Father of Orthodontics in the South.’’ Was one of the founders 
of the School of Dentistry, Loyola University, New Orleans, and was a professor there 
for five years. 


Member—Asheville Dental Society, 1900-07; North Carolina Dental Society; American 
Dental Association; American Association of Orthodontists, 1903; New Orleans Dental 
Society, 1907; Louisiana Dental Society, 1908; Delta Sigma Fraternity, 1917; Charter mem- 

ber of Southern Society of Orthodontists, 1921; Passed American Board of Orthodontics, { 
1930; Life member of American Dental Association and Louisiana State Dental Society, 
1944; Honorary member of Omicron Kappa Upsilon—Tau Chapter. 


Offices—President, New Orleans Dental Society, 1914; Vice-President, Louisiana Den- 
tal Association, 1915; President, Southern Society of Orthodontists, 1923. 


Kansas Journal Honors Homer B. Robinson 


The Journal of the Kansas State Dental Association, in its Program Number for May, 
1954, dedicated the issue to one of Kansas’ pioneer orthodontists, Dr. Homer B. Robinson 
of Hutchinson. The Journal notes as follows: 

To Homer B. Robinson, whose many years of enthusiastic and indefatigable labor in 
behalf of his profession is a continuous and glowing inspiration to all who wish to further 
dental progress, this 1954 issue of the Kansas State Dental Journal is affectionately 
dedicated. 

He was Vice-President of the American Dental Association (1936); Vice-President 
of the American Association of Orthodontists (1951); President of the Kansas State Dental 
Association (1929); and President of the Southwestern Society of Orthodontists (1930). 
He served as a member of the Executive Council of the Kansas State Dental Association, 
and as a delegate to the American Dental Association for many years. He has also been 
a member of many local, district, state and national committees in dental organizations, 
and was a member of the special committee which helped create and develop all of the 
district dental societies in Kansas when the Kansas State Dental Association became a 
constituent part of the American Dental Association in 1913. 
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The American Institute of Dental Medicine 


The next Annual Meeting of the Institute will take place at the Desert Inn, Palm 
Springs, California, Oct. 31 to Nov. 4, 1954. The faculty will consist of the following. 


William A. Albrecht, Ph.D., University of Missouri, Columbia, Missouri: Soil and Nutrition. 
I. Evidence from Soil Exploitation. II. Services from Soil Treatments; ‘‘ Let Rocks Their 
Silence’’; Droughts. The Soils as Reasons for Them. 


Charles H. Best, M.D., D.Sc., University of Toronto, Toronto, Canada: The History and 
Action of Insulin; Recent Work on Carbohydrate and Fat Metabolism; Dietary Factors 
in the Protection of Liver, Kidneys, and Heart. 


Gordon M. Fitzgerald, D.D.S., University of California, San Francisco, California: X-ray 
Radiation, Its Dynamics and Management; Radiation Protection Planning for the Dental 
Office; Practical Roentgenographic Interpretation in Dental Medicine. 


Maynard K. Hine, D.D.S., Indiana University, Indianapolis, Indiana: Principles of the Treat- 
ment of Periodontal Disease; Oral Microbiology; Diseases of the Tongue and Other Oral 
Lesions. 

Ernest Jawetz, Ph.D., M.D., University of California, San Francisco, California: The Rational 
Use of Antimicrobial Agents: Reason versus Emotion in Chemotherapy; Virus Infections 
of Interest to the Dentist and Therapeutic Approaches; The Rise and Fall of Focal In- 
fection. 

Joseph P. Weinmann, M.D., University of Illinois, Chicago, Illinois: The Adaptation of the 
Periodontal Membrane to Physiologic and Pathologic Changes; Bone Formation and Bone 
Resorption; Variations in the Structures of Bone Tissue and Their Significance in Radiology. 


Northwestern University Dental School 


On June 21, 22, and 23, 1954, the Graduate Department of Orthodontics of North- 
western University Dental School will present an advanced course in cephalometric 
radiography. Emphasis will be placed on (1) serial cephalometrics, viz., before, after, 
and some years subsequent to orthodontic therapy, and (2) functional cephalometrics, viz., 
analysis of mandibular displacement, vertical dimension problems, and temporomandibular 
joint dysfunction. A manual of serial and functional tracings and duplications of cephalo- 
metric radiographs will be issued to each student. 

For information please contact the Director of Graduate and Postgraduate Courses, 
Northwestern University Dental School, 311 East Chicago Ave., Chicago, IIl. 


Temple University 
Temple University of Philadelphia, Pennsylvania, has announced a two-week course 
in orthodontics for practicing orthodontists under R. H. W. Strang, D.D.S8., Jan. 23, 1955, 
to Feb. 5, 1955. 


Notes of Interest 

Dr. Bertram E. Gerzog announces the removal of his Long Beach office to 2 West 
Park Ave., Long Beach, N. Y., practice limited to orthodontics. 

William M. Jarrett, D.D.S., announces the association of C. H. Hopkins, D.D.8., 901 
Kanawha Banking & Trust Bldg., Charleston, W. Va., practice limited to orthodontics. 

Dr. John J. Murray announces that he has assumed the orthodontic practice of the 
late Dr. Clare K. Madden in Greenwich, Conn., and will maintain his New York office and 
association with Dr. Lowrie J. Porter at 41 East 57th St., New York, N. Y. 

Joseph A. Walker, D.D.S., announces the opening of two offices for the exclusive 
practice of orthodontics at 800 Leighton Ave., Anniston, Ala., and 109 South llth St., 
Gadsden, Ala. 
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OFFICERS OF ORTHODONTIC SOCIETIES 


The AMERICAN JOURNAL OF ORTHODONTICS jis the official publication of the American 
Association of Orthodontists and the following component societies. The editorial board of 
the AMERICAN JOURNAL OF ORTHODONTICS is composed of a representative of each one of the 
component societies of the American Association of Orthodontists. 


American Association of Orthodontists 


President, James W. Ford ~ ~ 55 E. Washington St., Chicago, II. 
President-Elect, Frederick T. West 760 Market St., San Francisco, Calif. 
Vice-President, George M. Anderson 831 Park Ave., Baltimore, Md. 
Secretary-Treasurer, Franklin A. Squires - - - - - Medical Centre, White Plains, N. Y. 
Central Section of the American Association of Orthodontists 
President, Earl E. Shepard ~ ~ ~ ~ 8230 Forsyth Blvd., St. Louis, Mo. 
President-Elect, Howard Yost ~ ~ ~ ~ =~ = Grand Island, Neb. 
Secretary-Treasurer, Frederick B. Lehman- ~ 1126 Merchants Bank Bldg., 


Cedar Rapids, Iowa 
Great Lakes Society of Orthodontists 


President, Louis Braun ~ -~ ~ ~ ~ ~ -~ ~- 1601 David Whitney Bldg., Detroit, Mich. 

Vice-President, Richard C. Beatty ~ Hanna Bldg., Cleveland, Ohio 

Secretary, Hunter I. Miller. ~ ~ ~ ~ ~-— ~- 1416 Mott Foundation Bldg., Flint, Mich. 

Treasurer, George 8S. Harris. 18520 Grand River Ave., Detroit, Mich. 
Middle Atlantic Society of Orthodontists 

President, Raymond C. Sheridan -~ ~ ~ - - 59 8. Orange Ave., South Orange, N. J. 

Secretary-Treasurer, Gerard A. Devlin- - - - - - - = 49 Bleeker St., Newark, N. J. 
Northeastern Society of Orthodontists 

President, Philip E. Adams ~ ~ ~ ~ ~ ~ ~ ~ 170 Marlborough St., Boston, Mass. 

Secretary-Treasurer, Wilbur J. Prezzano ~- Medical Centre, White Plains, N. Y. 
Pacific Coast Society of Orthodontists 

President, Arnold E. Stoller. ~ ~ ~ ~ Medical Dental Bldg., Seattle, Wash. 

Secretary-Treasurer, Raymond M. Curtner- -~ - - ~- 450 Sutter St., San Francisco, Calif. 

Rocky Mountain Society of Orthodontists 

President, Don V. Benkendorf ~ ~ ~ ~ ~ ~ ~~ ~- Metropolitan Bldg., Denver, Colo. 

Vice-President, Walter K. Appel ~ ~ ~ 4018 Moore Ave., Cheyenne, Wyo. 

Secretary-Treasurer, Curtis L. Benight ~- 1001 Republic Bldg., Denver, Colo. 

Southern Society of Orthodontists 

President, Leigh C. Fairbank - ~ ~ ~ ~ ~ ~ 1726 Eye St., N.W., Washington, D. C. 

Secretary-Treasurer, M. D, Edwards ~ - - - - - 132 Adams Ave., Montgomery, Ala. 
Southwestern Society of Orthodontists 

President, Marion A. Flesher - Medical Arts Blidg., Oklahoma City, Okla. 

President-Elect, William N. Pugh ~ ~ -~ -~ ~- Union Natl. Bank Bldg., Wichita, Kan. 

Vice-President, Ott Voight ~ ~ ~ ~- Medical Arts Bldg., Houston, Texas 

Secretary-Treasurer, Fred A. Boyd. - - - - - - 1502 North Third St., Abilene, Texas 

American Board of Orthodontics 

President, Raymond L. Webster - - ~ ~ ~ - - 133 Waterman St., Providence, R. I. 

Vice-President, William E. Flesher ~ -~ -~ - Medical Arts Bldg., Oklahoma City, Okla. 

Secretary, C. Edward Martinek - - 661 Fisher Bldg., Detroit, Mich. 

Treasurer, Lowrie J. Porter - - - - - -~ - - ~~ 41 East 57th St., New York, N. Y. 

Director, Ernest L. Johnson- - - ~ -~ -~ - ~- ~ 450 Sutter St., San Francisco, Calif. 

Director, William R. Humphrey ~- ~ ~ ~ ~ ~ -~ = ~- Republic Bldg., Denver, Colo. 


Director, L. Bodine Higley - ~ ~ ~ ~ ~ ~- University of Iowa, Iowa City, Iowa 
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